JPL Publication 89-17 


/A/ ' c ' / £ — 

3/?cy'7 


if Jii 


Total-Dose Radiation Effects 
Data for Semiconductor Devices 

1989 Supplement 

Keith E. Martin 
James R. Coss 
Charles A. Goben 
David C. Shaw 
Sam Farmanesh 
Michael M. Davarpanah 
LeRoy H. Craft 
William E. Price 


February 15, 1990 


NASA 

National Aeronautics and 
Space Administration 

Jet Propulsion Laboratory 

California Institute of Technology 
Pasadena, California 

(NASA-CR-1S7431 ) TOTAL-DOSE RADIATION N91-14049 

EFFECTS DATA FOR SEM IC ONDUCTQR DEVICES (1989 
3UP n LFMENT ) (J^L) 214 p CSCL 20L 

Unci as 

G3/76 03 i7o47 



TECHNICAL REPORT STANDARD TITLE PAGE 


1 • Report No. 89—17 


2. Government Accession No. 


3. Recipient's Catalog No. 


4. Title and Subtitle 

Total-Dose Radiation Effects Data for Semiconductor 
Devices (1989 Supplement) 


5. Report Date 

February 15, 1990 


6. Performing Organization Code 


7. Author(s]K.E.Martin, J.R.Coss, C.A.Goben, D.C.Shaw, 
S.Farmanesh, M.M.Davarpanah, L.H. Craft arid W.E. Price 


8. Performing Organization Report No 

' > • ; ; J * \ C*’ V V: :**i s 


9. Performing Organization Name and Address 

JET PROPULSION LABORATORY 
California Institute of Technology 
4800 Oak Grove Drive 
Pasadena, California 91109 , 


10. Work Unit No. 


11. Contract or Grant No. 

NAS7-9 18 


13* Type of Report and Period Covered 
JPL External Publication 


12. Sponsoring Agency Name and Address 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washington, D.C. 20546 : 


14. Sponsoring Agency Code 

RE230 BW-32 3-5 1-4 3-05-00 


15. Supplementary Notes 


16. Abstract ^ 

Steady-Estate, total-dose radiation test data are provided for electronic 
designers and other personnel using semiconductor devices in a radiation environment. 
The data are presented in graphic and narrative formats. -All tests were conducted at 
the Jet Propulsion Laboratory (JPL)*. Two primary radiation-sourde types were used: 
Cobalt-60 gamma rays and a Dynamitrori electron accelerator capable of delivering 
2.5-MeV electrons at a steady rate. 

-All data were generated in support of National Aeronautics and Space Administra- 
tion (NASA) Space Projects and Programs by the JPL Radiation Effects and Testing 
Group (Section 514)T 


17. Key Words (Selected by Author(s)) 

Astronautics; Nuclear Science and Techno- 
logy (General) ; Space Sciences (General); 
Flight Projects (General). f 


18. Distribution Statement 

Unlimited/Unclassified 

ouw . ^ ^ 


19. Security Classif. (of this report) 

20. Security C 

lassif. (of this page) 

21. No. of Pages 

22. Price 

Unclassified 

Unclassified 

219 



JPL 01&4 R 9/83 


















May 5, 


i 


ygo 


JETj/HASA (MXM) test radiation data bank 

This notice is an update regarding the method of accessing the JPL/NASA 
electronic data bank (called RADATA ) , that is accessible on either of two JPL 
11/780 VAX computers. For those not familiar with RADATA, a brief description 
will be given: 

The JPL/NASA electronic data bank called "RADATA" consists of JPL total-dose 
and Single Event Effects (SEE) ground based test data available for government 
and industry use. The data bank is accessible via the users personal computer 
and dial-up modem at no cost to the user. The data bank is completely menu 
driven and permits the user to peruse the table of contents , view data, and 
down load to their disk drive if desired. Also, data can be requested .and 
received by U.S. postal mail. 

To access RADATA , use full duplex (the system uses auto baud rate detection 
for speeds up to 9600 baud), 8 bit format, 1 stop bit and no parity. After you 
have set protocol, use one of the followihg methods to access RADATA: 


ACCESS AT JPL: 

1 Direct dial X4-4360 or access ILAN and connect to the "VLSI" or the 
"DSFVAX" 

2 Enter RADATA to the USERNAME: prompt and press RETURN/ENTER . 


ACCESS USING OFF-LAB TELEPHONE DIAL-UP: 


1. Dial (818)354-4360 (VLSI VAX). , 

2. After the CONNECT prompt, press the RETURN/EOTER key twice, then 
input RADATA to the USERNAME prompt and press RETURN/ ENTER again. 


(Alternate OFF-LAB back-up access): 

If RADATA cannot be accessed on the VLSI VAX [dialing (818)354-4360)], use the 
following back-up method: 


1. Dial (818)393-4156 (DSFVAX). 

2. After you connect, the screen will 
twice (-the screen will remain blank). 

3. Type in RADATA in UPPER CASE LETTERS 


go 


blank. Press RETURN/ ENTER 


only (the characters will not be 
e RETuRN/ENTER key again. 


ACCESS USING DECnet(SPAN) : 

If your facility has a VAX computer tied to DECnet you may access RADATA as 
follows : 


1. 

2 . 

3. 


Log-on your VAX computer. _ 

^ te^RADAT^to 0 the 0 USER^KmE^ ^ prompt 23 press RETURN/ENTER . 


SET HOST JPLLSI or SET HOST JPLGP. 


ACCESS USING TELNET: 

If your facility is tied into MILNET or ARPANET, you may access RADATA as 
follows : 

1. Enter TELNET VLSI.JPL.NASA.GOV or TELNET DSFVAX.JPL.NASA.GOV after 

2. Inpu? rC ^DATA^ n to the username prompt and press RETURN/ENTER twice. 

After you have logged on the computer, using any of the above access methods, 
you will be guidea by selecting various menus and self help instructions. 


Footnote : 

RADATA is sponsored by the NASA Office, of Safety, Reliability, Maintainability 
and Quality Assurance and is carried out by the JPL Electronic Parts 
Reliability Section. 
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JPL/NASA RADIATION DATA BANK USERS SURVEY 

In order to maximise the effectiveness and convenience of using 
the PADATA Electronic Ground Test Radiation Data Bank, we are 
requesting you fill out and return this questionnaii e . 

1. Things that I like about the data bank: 


2. Things that need improvement: 


3. Additional comments: 


NAME : 


MAIL STOP: 

AFETT.T ATTON : 


TELEPHONE: 

STREET ADDRESS : 

CITY: 

STATE: 

ZIP CODE: 


SEND REPLY TO: 

Jet Propulsion Laboratory 
4800 Oak Grove Dr. 

Pasadena, CA 91109 

C/O Data Bank Manager, M/S 303/220 
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ABSTRACT 


Steady-state, total-dose radiation test data are provided for electronic 
designers and other personnel using semiconductor devices in a radiation 
environment. The data are presented in graphic and narrative formats. All 
tests were conducted at the Jet Propulsion Laboratory (JPL), Two primary 
radiation-source types were used: Cobalt-60 gamma rays and a Dynamitron 

electron accelerator capable of delivering 2.5-MeV electrons at a steady rate. 

All data were generated in support of National Aeronautics and Space 
Administration (NASA) Space Projects and Programs by the JPL Radiation Effects 
and Testing Group (Section 514). 
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PREFACE 


The 1985 supplement (JPL Publication 85-43) was presented in two volumes, 
due to the extensive amount of data available. Volume I contained optical 
diode and transistor data, and Volume II contained integrated circuit data. 

The amount of data generated since the October 15, 1985 release of Volume 
I and the integrated circuit data generated since the May 15, 1986 release was 
not sufficient to require two volumes. Hence, the 1989 supplement is 
presented in one book. 

For those interested, a Single Event Phenomena (SEP) data book is also 
available at no cost by writing to: 

Jet Propulsion Laboratory 
Document Review Group 111-113 
4800 Oak Grove Drive 
Pasadena, CA 91109 

Request JPL Publication 88-17, titled "Heavy Ion-Induced Single Event Phenomena 
(SEP) Data for Semiconductor Devices from Engineering Testing,” and dated July 
1988. 
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SECTION I 


INTRODUCTION 


The data presented in this 1989 supplement describe the results of Total 
Ionizing Dose (TID) tests of optical diodes, bipolar transistors, and 
integrated circuits. The data were obtained by the Jet Propulsion Laboratory 
(JPL) in order to assure the "hardness” (radiation resistance) of components 
to be used in a variety of radiation environments; however, the data are 
applicable to any ionizing (total dose) radiation environment. Two primary 
radiation-source types were used: Cobalt-60 gamma rays and a Dynamitron 

electron accelerator capable of delivering 2.5-MeV electrons at a steady rate. 

The electrical parameter data are presented in graphic or narrative 
format for various operating conditions as a function of dose. A measure of 
the statistical variation of each device lot is provided by the tabulated 
standard deviations at the bottom of each graph. Where there are irradiations 
of two or more different lots of a given device type, each lot is treated as 
an entirely separate test. 

All data taken here substantially meet the requirements of MIL-STD-883, 
method 1019, for environments where short-term annealing is not a relevant 
problem. Each test consisted of three or more radiation levels at room temper- 
ature, and the devices under test were maintained at the established project 
worst-case bias conditions during the radiation exposure. Electrical parameter 
measurements were commonly taken within 10 to 60 minutes of completion of 
irradiation. 
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SECTION II 


DOCUMENT USES AND LIMITATIONS 


The purpose of this report is to provide test data for optical diodes, 
transistors, and integrated circuits exposed to steady— state ionizing 
radiation. As such, it offers a useful comparison of the radiation response 
of different devices that might be considered in the development (circuit 
design) of a radiation— hardened system. It also offers a quick method for 
determining the weak links in an existing system, and an approximation of the 
system radiation tolerance as a whole. 

The data presented here cannot be used as a substitute for a comprehensive 
testing program of the devices actually used in a given system. It will be 
clear on inspecting the data herein that there are large lot-to— lot or wafer— 
to-wafer variations in the sample responses of a given device type. The 
response difference from functionally identical devices fabricated by different 
manufacturers is even greater. There was no attempt to remove "maverick" 
(outlier) devices from the data plots, so some data plots may appear anomalous 
when compared to other plots for the same device type . It should be noted that 
given manufacturers may make minor adjustments in their processing procedures 
that will result in a major difference in the device radiation response. 
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SECTION III 


RADIATION SOURCES AND DOSIMETRY 


A. DYNAMITRON 

Some of the transistor tests were performed using the JPL Dynamitron 
electron accelerator which provided a 2.5-MeV electron beam with beam currents 
ranging from 10® to 10^ electrons/cm^/second. The tests described here 
were irradiated at a given fluence level for exposure times between 5 and 
45 minutes. 

The test geometry for the Dynamitron facility consisted of an electron 
beam brought out of the beam tube through a 0.05-mm titanium window, copper and 
aluminum scattering foils, and 0.9 m of air. Each of these materials scatters 
the electrons slightly so that the scattered beam has a uniformity variation 
of less than 20 percent over the test device array, which is confined within a 
25-cm-diameter circle perpendicular to the beam direction. At the center of 
the circle is the aperture of a vacuum Faraday cup, which is used to measure 
the electron beam flux and fluence. The beam is centered on the Faraday cup 
with a quadrupole magnet prior to the installation of the test samples. The 
output from the Faraday cup is a current that is fed into a current integrator, 
which is calibrated daily against a standard current source. The integrator is 
set to shut off the electron beam automatically when the desired fluence level 
is received at the Faraday cup. 


B. COBALT-60 SOURCES 

The JPL Cobalt-60 gamma ray source was used for all of the IC tests. The 
gamma rays consisted primarily of 1.17 and 1.33 MeV photons with lower energy 
photons and secondary electrons arising from scattering and absorption. The 
gamma field was uniform within + 10 percent in the parts exposure area, which 
was verified by thermoluminescent dosimetry (TLD), consisting of lithium 
f luoride/Tef Ion microrods. The main source calibration was performed with 
Landsverk ion chambers of + 2 percent accuracy, traceable to the National 
Bureau of Standards, and monthly dose rate computations performed to account 
for the radioactive decay of the Cobalt-60 source. Exposure times with the 
Cobalt-60 sources were typically 5 to 20 minutes for each radiation level. 
Longer times (up to 4 hours) were required for high total dose exposures 
because the maximum uniform dose rate available was 100 rads (Si)/second. 

Dose rate testing was performed from 100 rad(Si )/second to 0.0058 rad(Si)/ 
second with a corresponding increase in time for the low rates. 
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SECTION IV 


TEST SETUP AND PROCEDURES 


A. GENERAL REMARKS 

The test setup and procedures used here were developed in accord with the 
specifications of MIL-STD-883, method 1019. All tests were done at 25 °C + 

3 °C, using low noise power sources and instrumentation subject to periodic 
calibration. Some tests were performed in situ (without removing the test 
devices from the radiation area), whereas others required remote testing, 
using a mobile bias fixture to maintain bias except during the brief 
measurement period. 

A detailed test plan was written for each test including test device 
description, irradiation bias conditions, radiation levels, electrical 
parameters to be measured, and measurement conditions. The data were 
processed by computer with the calculation of normal means and standard 
deviations made after deletion of clearly erroneous data. Individual data can 
be retrieved, if required, by specifying the JPL log number given with each 
data plot to the Radiation Effects and Testing Group (Section 514) at JPL. 


B. TRANSISTORS AND OPTICAL DEVICES 

Transistors and optical devices were measured in situ using a matrix board 
switching panel set up outside the irradiation area. The matrix board inter- 
faces the devices under test (DUT) to the power supplies and measurement equip- 
ment via a special 15-m (50-ft), double-shielded cable (Figure 4-1). A 
built-in potentiometer for each DUT could be used to control bias voltages and 
currents. The matrix board was designed with very high insulation resistance 
so that very low current measurements (10-50 pA) could be made. 


C. INTEGRATED CIRCUIT TESTING 

For non-in situ remote tests the DUTs were removed from the radiation 
site for approximately 10 to 60 minutes between each radiation level. A mobile 
bias (battery) was applied to the devices at all times except during parameter 
measurements. Remote measurements were performed using a Tektronix 178/577 
curve tracer, a Hewlett Packard 4062C, Semiconductor Parametric Test System, 
or a bench fixture. Occasionally, custom-built test circuits were used to 
simulate the circuit application of the devices tested, such as a grounded, 
shielded, low current measurement fixture. 


4-1 




SCATTERING FOILS 
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Figure 4-1. Block Diagram of the Test Setup for in situ Testing with the 
Electron Accelerator (Dynamitron) 
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SECTION V 


DATA PRESENTATION 


A. BIPOLAR TRANSISTORS 

The transistor data presented in graphic format are shown in Figure 5-1. 
Each of the electrical parameter data plots is represented by multiple lines to 
represent different collector currents. A table at the bottom of each graph 
lists the test conditions, when applicable, and the normal standard deviations 
of each data point at each dose level. ' 

Date codes usually indicate when the device was packaged. For example, 
8420 indicates the device was packaged in the twentieth week of 1984. If no 
date code is available, the space may be used for other identifying numbers 
such as wafer number or lot number. 

For convenience, the degradation in transistor gain (h FE ) is plotted as 
A(l/h FE ) = 1/hpE* - l/h FEo , where h FE( f> is the value at the specified radiation 
level, and h FEo is the initial value. Implicit in this approach is the assump- 
tion that the radiation behavior can be approximated by the well-known formula: 


A(l/h FE ) = K<|) 


where <|> is the dose (or fluence) and K is a damage constant that depends on 
the device type and collector current, I(j. 


A method of determining the final h FE , when the initial h FE and 
postirradiation A(l/h FE ) are known, is shown in the following example for 
a 2N2222 device type at V CE of 20 V at 300 krad(Si). 


1. Scale the value of A(l/h FE ) from the applicable graph for a 
2N2222 transistor at the stated conditions. In this example, 
A(l/h FE ) is determined to be 0.008. 

2. Determine the minimum specified preirradiation h FE for this 
device type. In this example, the initial specified minimum h FE 
is 100. Then proceed as follows: 


h p£ ( final) 


1 


A(l/h F£ ) + 


1 

h FEo (initial) 


h pE ( final) 


1 


0 . 008 + 


1 

100 


55.6 


i The log-normal - distribution actually provides a better fit to most radiation 
data than the normal distribution. Hence, caution should be exercised in 
estimating worst— case conditions based on the limited statistical data 
presented herein. 
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Table 5-1 may also be used to determine the final h FE . Locate the 
postirradiation A(l/h FE ) value in the left-hand column, and the initial 
hp£ on the top row* The column and row intersection is the final h FE . 



Figure 5-1* Graph Format Description 
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Table 5-1. Determination of Final Given Initial hpEo and Postirradiation A(l/hpE) 




















































M/I 


DEVICE TYPE : 2N2222A NPN TRANSISTOR 

MEG : ESC 4 DEVICES TEST DOTE 02-20-S6 

REE: JPL LOG 324*6 DATE CODE S352 



4 . 10 ' 


DOSE, radstSl ) 2.5 MeV electrons 
Ml/h rc ) VS DOSE 


TABLE OE NORMAL STANDARD DEVIATIONS 


e. JO 



CURVE 

Jc 

V« 

DOSE, r ads { Si ) 


1mA) 

U) 

I 7 . 3E4 1.3E3 3.0E3 6.0E3 1 . OE6 


A 

. 1000 

20.0 

3 

. 1000 

.300 

C 

1.000 

.500 

D 

1.000 

20.0 

E 

20.00 

20.0 

r 

20.00 

.500 


.0266 

.0366 

.0393 

.0321 

.0321 

.0322 

.0372 

.0363 

.0357 

.0261 

. 0043 

.0076 

.0093 

.0093 

.0063 

. 0064 

.0079 

.0046 

.0096 

.0039 

.0016 

.0020 

.0019 

.0027 

.0032 

.0006 

.0016 

.0016 

.0024 

.0011 






Mean a ( l / h 


Device TYPE: 2N2222A NPN TRANSISTOR 

MFG = MOT 5 DEVICES TEST DATE 2-04-66 

REF- JPL LOG 1225 DATE CODE 6530 



DOSE, rads(Sj) 2.5 MeV electrons 
Ml/h re ) VS DOSE 






TABLE OT NORMAL 

STANDARD DEVIATIONS 

CURVE 

3c 

(rfi) 

Vcc 

( v) 

DOSE, ra 
7.5E4 1.5E5 

da ( Si ) 
3.0EI3 

6.0E5 

1 .0C6 

A 

.1000 

20.0 

.0066 

.0065 

.0106 

.0127 

.0157 

5 

. 1000 

.500 

.0061 

.0067 

.0105 

.0132 

.0171 

C 

1.000 

.500 

.0023 

.0031 

.0039 

.0036 

.0060 

D 

1.000 

20.0 

.0019 

.0025 

.0036 

.0040 

.0049 

e 

20.00 

20.0 

.0014 

.0004 

.0010 

.0020 

.0005 

F 

20.00 

.500 

.0007 

.0010 

.0010 

.0014 

.0015 
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DEVICE TYPE: 2N2222A NPN TRANSISTOR 

MTG - MOT 5 DEVICES TEST DATE 2-04-66 

REE: JPL LOG 32r26 DATE CODE £330 







DOSE, 

r a d s ( S J ) 
M l/h ft O 

2.5 MeV eJecirons 
VS DOSE 





TABLE Or NORMAL 

STANDARD DEVIATIONS 

CURVE 

2 c 

[nfO 

V K 

Iv) 

DOSC , r a 
7 . 3C4 1.5E3 

d 45 (Si ) 
3.0E3 

6.0E3 

1.0E6 

A 

.1000 

20.0 

.0040 

.0047 

.0060 

.0062 

.0063 

B 

. 1000 

.300 

.0039 

. 004-6 

.0037 

.0063 

.0063 

C 

1.000 

,300 

.0012 

.0020 

.0017 

.0022 

.0022 

D 

1.000 

20.0 

.0013 

.0014 

.0020 

.0016 

.0017 

1 E 

20.00 

20.0 

.0003 

. 0006 

.0006 

.0006 

.0006 

t_ F 

20.00 

.300 

.0003 

.0007 

.0006 

.0003 

.0006 
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■lean a ( l / h 


DEV] C£ TYPE: 2N2222A NPN TRANSISTOR 

MFG : NOT 5 DEVICES TEST DATE 2-04-S6 

REF: jpl LOG 1221 DATE CODE £530 



DOSE, rads(Si) 2.5 MeV ei eclrons 
A(l/h re ) VS DOSE 






TABLE OT NORMAL 

STANDARD DEVIATIONS 

JURVE 

Jc 

Vw 

(v) 

DOSE, r a 
7.5E4 1.5E5 

d siSi ) 
3.0E5 

6.0E5 

1.0E6 

A 

. 1000 

20.0 

.0030 

.0034 

.0023 

.0026 

.0043 

3 

. 1000 

.500 

.0029 

.0026 

.0023 

.0022 

.0039 

C 

1.000 

.500 

.0003 

.0012 

.0010 

.0003 

.0013 

D 

1.000 

20.0 

.0011 

.0007 

.0003 

.0047 

.0010 

E 

20.00 

20.0 

.0003 

.0002 

.0002 

.0002 

. 0003 

r 

20.00 

.500 

.0003 

.0007 

.0002 

.0003 

.0003 
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M/I 


DEVICE TYPE : 

2N2222A NPN 

g 

£ 
i — i 


MFG : 

MOT 

5 DEVICES 

TEST 

DATE 

2^-04—66 

REF: 

JPL LOG 

1226 

DATE 

CODE 

6530 


10 J T-p- 
10 * 


1.3 2. 3. 4. 15. 6 . 4. 10 5 J.5 2. 3. 4. 

DOSE, radstSj' ) 2.5 MeV electrons 
i(l/h f r) VS DOSE 


TABLE or NORMAL STANDARD DEVIATIONS 


CURVE 

3c 

i*>A) 

V<x 
l v) 

DOSE , radstS;) 
7.5E4 1.5E5 3.0E5 

6.0E5 

1 .0E6 

A 

.1000 

20.0 

.0026 

.0305 

.0156 

.0102 

.0126 

B 

. 1000 

.500 

.0026 

.0302 

.0153 

.0106 

.0104 

C 

1.000 

.500 

.0011 

.0152 

.0054 

.0035 

.0031 

D 

1.000 

20.0 

.0009 

.0091 

.0075 

.0045 

.0032 

E 

20.00 

20.0 

.0003 

.0020 

.0012 

.0010 

.0011 

F 

20.00 

.500 

.0003 

.0023 

.0012 

.0006 

.0011 
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a( 1/h 


DEVICE TYPE: 2N2222A NPN TRANSISTOR 

MFQ: MOT 3 DEVICES TEST DATE 2-04.-66 

REF: JPL LOG 1229 DATE CODE 6330 


*. i0‘ 

DOSE, rads(SJ') 2.5 MeV electrons 
A(l/h f£ ) VS DOSE 






TABLE OT NORMAL 

STANDARD DEVIATIONS 

CURVE 

3 c 

ImR) 

V« 

( v) 

DOSE. r i 
7.3E4 1.3C5 

a da ( Si ) 
3.0E3 

6.0L3 

1.0C6 

A 

. 1000 

20.0 

.0013 

.0017 

.0022 

.0067 

.0023 

3 

. 1000 

.300 

.0014 

.0022 

.0029 

.0036 

.0029 

C 

1.000 

.300 

.0006 

.0007 

.0006 

.0017 

.0009 

0 

1.000 

20.0 

.0003 

.0023 

.0009 

.0009 

.0007 

c 

20.00 

20.0 

.0004 

.0002 

.0003 

.0003 

.0002 

r 

20.00 

.300 

.0002 

.0002 

.0003 

.0003 

.0003 









.ledfi ^il/h 


DEVICE TYPE- 2N2222A NPN TRANSISTOR 

MEG - MOT 5 DEV] CCS TEST DOTE 02-D4-&6 

PEE: JP1_ LOG 3230 DATE CODE -&53D 



OOSCj vad^C-Si) '2. 5 HeV eleclToni 
P(1 Jh rc l VS DOSC 


table or .normal standard ocviations 

CURVE 3 c V e(: 

DOSC., Y0d3 f5j) 

\* P0 TV) 

T. 5E4 1 . 3E-5 3.0C-5 -6.0C-3 3 . DE-6 

A .a 000 -20,0 

.0032 .0037 .0033 .004-3 .0043 

3 .1000 .300 

.0033 .0020 .0037 .0062 .0043 

C 1.000 .300 

. 0006 . 0006 . 003 3 . 003 3 . 003 9 

D 20.00 20.0 

.0006 .0009 .0009 .0004 .0036 

C 20.00 .300 

.0002 .0002 .0003 .0003 .0003 

r . oooo . ooo 

.0001 .0003 .0007 .0003 .0004 
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DEVICE TYPE: 2N2222A NPN TRANSISTOR 

MFG: MOT 5 DEVICES TEST DATE 02-05-66 

REF: JPL LOO 1231 DATE CODE 6530 



DOSE, radsCSi) 2.5 MeV electrons 
Ml/h re ) VS DOSE 
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t?^L) ; ■)? mpbu 


Device TYPE: 2N3T49 14PN POWER TRANSISTOR 
J1FG- PPC 3 DEVICES TEST DfTTE 32-39-65 

REF - JPL LOG 323 3 DATE CODE *530 



TABLE or NORMAL STANDARD DEVIATIONS 

curve: i c Voc 

r 2*fo \-vi 

DOSE, rod*! Si) 

3.0E4 7.5E4 1 .5E5 3.0C5 -6.0E-5 

£ 1*0005,00 

5 10,00 -5.00 

C IDO* 0 -5*00 

D 1000, -5.00 

.0402 .2351 .51-65 1.052 3.034 
.0.110 . 0429 .1044 .1250 .jOI 
.002-5 . 0073 .0135 .0154 .0143 
.0005 .0013 .0013 .0023 .0035 


5-12 








Mean a ( 1 / h 


DEVICE TYPE: 2N3T49 NPN 

MFG : PPC 3 DEVICES TEST DOTE 03-0&-S6 

REF: jpl LOG 3232 DOTE CODE S3 33 







TABLE OT NORMAL 

STANDARD DEVIATIONS 

CURVE 

u 

V« 

1 vl 

DOSE, r 
3.0C4 7.3E4 

ads ( S* ) 
1 . 3E3 

3.0E3 

6.0E3 

A 

1.000 

3. DO 

.0016 

.0036 

.0040 

.0043 

.0043 

5 

10.00 

3.00 

.0022 

.0026 

.0026 

.0027 

.0031 

C 

100.0 

3.00 

.0003 

.0003 

.0003 

.0003 

.0003 

D 

1000. 

3.00 

.0003 

.0003 

.0000 

.0003 

. 0003 
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Mean 


DEVICE TYPE: MJ16012 NPN POWER TRANSISTOR 
MEG: MOT 5 DEVICES TEST DATE 12-17-63 

REF: jp[_ LOG 1220 DATE CODE NONE 



DOSE, rads(Si) 2.5 MeV electrons 
A(l/h rc ) VS DOSE 


TABLE OF NORMAL STANDARD DEVIATIONS 

CURVE I c Vcc 

Cinfl) fv) 

DOSET. rads f Sf ) 

3.0C4 7.5E4 i.5E^> 3.0E3 6.0E3 1.0ET6 2.0E6 

A 100.0 50.0 
B 100.0 .500 
C 1000. 50.0 
D 1000. .500 

e: ioooo. 50.0 

.0072 .0127 .0164 .0219 .0373 .0319 .0312 

.0063 .0114 .0169 .0226 .0373 .0283 .0247 

.0023 .0050 .0077 .0103 .0168 .0119 .0133 

.0029 .0062 .0071 .0093 .0102 .0121 .0174 

.0013 .0019 .0036 .0041 .0090 .0068 .0067 
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DEVICE TYPE: 

MJ 140:1 2 NPN 

POWER 

TRANSISTOR 

MFQ: 

MCTT 

5 DEVICES 

TEST 

DATE 

12-12-45 

REF: 

JPL LOG 

1221 

DATE 

CODE 

NONE 


ID* 1.5 i. 3. i. 5.6. 6.10 5 3.5 2. 3. 1. 5.6. fi.10* i.5 2. 

DOSE, rads(Si) Co 60 Gammas 
Ml/h,- e ) VS DOSE 


6. 5. 6. 4.10 






TABLE OT NORMAL 

STANDARD DEV 

TAT10NS 

JURVE 

lc 

i m A) 

Vc. 

tv) 

DOSE, va 
3.0E4 7.5E4 

dsis; ) 
1.5E3 

3.0E3 

6.0E5 

1 .0C6 

2.0E6 

A 

100. 0 

30.0 

.0043 

.0074 

.0113 

.0136 

.0136 

.0173 

.0233 

3 

100.0 

.500 

.0043 

.0039 

.0129 

.0143 

.0190 

.0211 

.0334 

C 

1000. 

50.0 

.0016 

.0032 

.0043 

.0033 

.0063 

.0062 

.0032 

D 

1000. 

500 

. 0023 

. 0073 

.0061 

.0067 

.0031 

.0036 

.0103 

E 

10000. 

50.0 

.0034 

.0031 

.0017 

.0030 

. 0035 

.0043 

.0046 
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B. OPTICAL DEVICES 


The optical data are presented in a combined narrative, tabular, and 
graphic format. 

The TIL24 devices were measured using a TIL604 photo transistor as a 
reference sensor, placed 1/4 in. from the source being measured. The TIL604 
devices were measured using a single TIL24 near-infrared-emitting diode as the 
light source, placed 1/4 in. away from the base of the photo transistor. 



L0G1260 . TD 


JPL RADIATION TEST RESULTS 


09/24/86 


PAGE 1 


Device Type: TIL24 BIPOLAR PN GaAs INFRARED-EMITTING DIODES 

Manufacturer: Texas Instruments Inc. (TIX) 

Date Code: 

Package Type: PILL 

No. of Devices Tested: 2 LOG 1261; 7 (6 + Control) LOG 1260 

Radiation Test Requirement (RTR) S/N: 100 C 

Log No. : 1260, 1261 

Radiation Test Date: 10-July-86 

Facility: DYNAMITR0N 

Energy: 2.5 MeV 

Dose Rate: 1.3E08, 4.0E08, 4.0E09, increasing with dose (see RTR 100C) 

Dose: 4.0E10 to 2.0E12 [e/cm^] or 1.0E3 to 5.0E5 [rad(Si)] 

In the discussion below, only the parameters that failed are discussed; all 
other parameters met the manufacturers* specifications out to 50 krad(Si). It 
is recommended that this device not be used above 10 krad(Si) at the 50 mA 
drive level unless special design considerations are made to account for the 
observed failures. Postirradiation measurements were made at 2, 20, and 
100 hours after irradiation. The annealing behavior should be taken into 
account, because the extremely low dose rates in space will allow significant 
annealing and possibly permit use of this part up to the 30 krad(Si) dose 
level, based on the specification of 1 mW at 50 mA drive. Use at current 
drives lower than 50 mA should be done with extreme caution, because the 
nonlinearity in the power curve with current indicates the possibility of 
premature failure at low current drives (power output is below 1 mW at 40 mA 
preirradiation and decreases exponentially with lower currents). 

The TIL24 bipolar pn GaAs infrared-emitting diode is designed to emit near- 
infrared radiation spectrally compatible with silicon sensors. It is designed 
to have high power efficiency, high power output, and to permit matrix 
assembly directly to printed circuit boards. 

Failure levels are taken as parameter changes exceeding the manufacturers' 
specifications or reasonable preset changes, even though it is realized that 
some failures to meet specifications can be overcome by clever design. 

These devices were irradiated according to RTR S/N 100 C, which gives the bias 
conditions during irradiation and lists the parameters measured and the 
measurement conditions. All measurements of light output from the TIL24 were 
relative measurements, using a single TIL604 phototransistor as a reference 
sensor placed a fixed distance (1/4 in.) from the source being measured. The 
RTR and the data are available, if required. 

The TIL24 GaAs infrared-emitting diodes were kept under radiation bias after 
completion of irradiation to 50 krad(Si), and were measured at 2, 20, and 
100 hours of anneal time. The TIL24 showed significant recovery of output 
power for all tested conditions. 
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LOG1260. TD 


JPL RADIATION TEST RESULTS 


09/24/86 


PAGE 2 


Device Type: TIL24 BIPOLAR PN GaAs INFRARED-EMITTING DIODES 

Failure Summary: 

The mean light emitted in response to various inputs as a function of dose is 
shown in Table 1 for the preirradiation, 10, 20, 50 krad(Si) levels as well as 
for the 2, 20, and 100 hours anneal time measurements. While the TIL24 
remained functional out to the 50 krad(Si) dose level, the light output had 
fallen by roughly a factor of two at the 20 krad(Si) dose level and continued 
to degrade with increasing dose. 

Table 1. Output Power at Various Currents Versus Dose Level with Input Light 
Reference Current (IF) as a Parameter. 


Po @ 
IF(mA) 

PRE 

10 

krad(Si ) 
20 

50 

2 hr 

20 hr 

100 hr 

20 

390.0 

256.3 

176.3 

63.8 

108.8 

218.8 

260.0 mW 

40 

971.1 

692.5 

496.2 

195.0 

320.0 

580.0 

672.5 mW 

60 

1558.0 

1163.0 

868.8 

368.8 

568.8 

977.5 

1114.0 mW 

80 

2112.0 

1629.0 

1250.0 

565.0 

833.8 

1366.0 

1548.0 mW 

100 

2623.0 

2623.0 

1620.0 

772.5 

1097.0 

1741.0 

1954.0 mW 


These data are plotted in the following graph, which shows output photo- 
transistor current versus L0G(Dose and Time), with the drive current of the 
light source and/or the incident light energy as a parameter. 

The other parameters were measured as a function of dose level and did not 
exceed the manufacturers* specifications or change significantly with dose up 
to the 50 krad(Si) dose level. 


These devices were irradiated according to RTR S/N 100 C which gives the bias 
conditions during irradiation and lists the parameters measured and the 
measurement conditions. The RTR and the data are available if required* 


The parameters measured were (RTR 100 C): 


Test 

No. 

Symbol 

Test Name 

(Reference 

Conditions 

sensor is a TIL604 @ 

1 

VF-1 

FORWARD VOLTAGE 


IF 

— 

20 

mA 

2 

VF-2 

FORWARD VOLTAGE 


IF 

= 

40 

mA 

3 

VF-3 

FORWARD VOLTAGE 


IF 

= 

60 

mA 

4 

VF-4 

FORWARD VOLTAGE 


IF 

= 

80 

mA 

5 

VF-5 

FORWARD VOLTAGE 


IF 

= 

100 

mA 

6 

Po-1 

RELATIVE OUTPUT 

POWER 

IF 

= 

20 

mA 

7 

Po-2 

RELATIVE OUTPUT 

POWER 

IF 

= 

40 

mA 

8 

Po-3 

RELATIVE OUTPUT 

POWER 

IF 

= 

60 

mA 

9 

Po-4 

RELATIVE OUTPUT 

POWER 

IF 

= 

80 

mA 

10 

Po-5 

RELATIVE OUTPUT 

POWER 

IF 

= 

100 

mA 
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— Normalized Po [mW / cm'"2] DATA — 

4/27/87 


Pre Rad 



LOG1260:Data TIX TIL24 Bipolar PN GaAs 
Infrared-Emitting Diodes 


Po @ IF =20mA 
Po @ IF =40mA 
Po @ IF =60mA 
Po @ IF =80mA 
Po @ I F = 100mA 
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JPL RADIATION TEST RESULTS 


09/24/86 


PAGE 1 


Device Type: TIL604 BIPOLAR NPN PLANAR SILICON PHOTOTRANSISTOR 

Manufacturer: Texas Instruments Inc. (TIX) 

Date Code: 8507 

Package Type: PILL 

No. of Devices Tested: 2 LOG 1258; 7 (6 + Control) LOG 1259 

Radiation Test Requirement (RTR) S/N: 412 

Log No.: 1258, 1259 

Radiation Test Date: 09-July-86 

Facility: DYNAMITRON 

Energy: 2.5 MeV 

Dose Rate: 1.3E08, 4.0E08, 4.OE08, increasing with level (see RTR 412) 

Dose: 4.0E10 to 2.0E12 [e/cm^] or 1.0E3 to 5.0E5 [rad(Si)] 

In the discussion below, only the parameters that failed are discussed; 
all other tested parameters met the manufacturers’ specifications out to 
50 krad(Si). It is recommended that this device not be used above 10 krad(Si) 
unless special design considerations to account for the observed degradations 
are made. 

The TIL604 is a bipolar, nonplanar silicon phototransistor in a hermetically 
sealed pill package that can be assembled into printed circuit boards. The 
TIL604 is recorranended for applications in character recognition, tape and card 
readers, velocity indicators, and encoders. 

Failure levels are taken at parameter changes exceeding the manufacturers' 
specifications or reasonable preset changes, even though it is realized that 
some failures to meet specifications can be overcome by clever design. 

These devices were irradiated according to RTR S/N 412, which gives the bias 
conditions during irradiation and lists the parameters measured and the 
measurement conditions. The TIL604 photo transistors were tested using a 
single TIL near-infrared-emitting diode as the light source a fixed distance 
(1/4 in.) away. The current for the reference diode was varied to give a 
reasonable range of collector currents values in the tested phototransistor, 
prior to radiation exposure. The RTR and the data are available, if required. 

The TIL604 phototransistors were kept under the radiation bias after completion 
of irradiation to 50 krad(Si), and were measured at 16 and 120 hours of anneal 
time. No significant annealing of the TIL604 was observed. 

Failure Summary: 

The mean light current response to various light inputs as a function of dose 
level is shown in Table 1 for the preirradiation, 10, 20, and 50 krad(Si) 
levels, as well as for the 16- and 120-hour anneal time measurements. While 
the TIL604 phototransistors remained functional out to the 50 krad(Si) dose 
level, the light current had fallen by roughly a factor of two at the 
10 krad(Si) level, and continued to degrade with increasing dose levels. 
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L0G1258. TD 


JPL RADIATION TEST RESULTS 


09/24/86 


PAGE 2 


Device Type: TIL604 BIPOLAR NPN PLANAR SILICON PHOTOTRANSISTOR 


Failure Summary (Cont): 


Table 1. I-LITE Versus 
a Parameter 

Dose Level with 

Input Light 

Reference 

Current 

(IF) as 

I-LITE(mA) 
@ IF=20 mA 

PRE 10 

krad(Si) 

20 

50 

16 hr 

120 hr 


20 mA (7mW/cm^) 

4.070 

1.927 

1.426 

0.845 

0.920 

0.883 mA 

40 mA (17mW/cm^) 

9.001 

5.170 

4.197 

2.784 

2.957 

2.951 mA 

60 mA (20mW/cm^) 

13.170 

7.782 

6.547 

4.579 

4.819 

4.874 mA 

80 mA (27mW/cm 2 ) 

16.410 

10.290 

8.824 

6.254 

6.548 

6.671 mA 

100 mA (100mW/cm 2 ) 

18.850 

12.490 

10.810 

7.713 

8.042 

8.225 mA 


These data are plotted in the following graph, which shows output photo- 
transistor current versus LOG (Dose and Time), with the drive current of the 
light source and/or the incident light energy as a parameter. 

The other parameters were measured as a function of dose level and did not 
exceed the manufacturers' specifications or change significantly with dose up 
to the 50 krad(Si) dose level. 

These devices were irradiated according to RTR S/N 412 which gives the bias 
conditions during irradiation and lists the parameters measured and the 
measurement conditions. The RTR and the data are available, if required. 


The parameters measured were (RTR 412): 


Test 



Conditions 

No. 

Symbol 

Test Name 

(Reference source is a TIL24) 

1 

BVCEO 

REVERSE BREAKDOWN 

VOLTAGE IC 

= 

100 \xA 

2 

I -DARK 

DARK CURRENT 

VCE 

= 

30 V 

3 

I-LITE1 

LIGHT CURRENT 
7 mW/cm^ 

VCE 

= 

5V, IF = 20 mA from 
reference source 

4 

I-LITE2 

LIGHT CURRENT 
17 mW/cm^ 

VCE 

— 

5V, IF = 40 mA from 
reference source 

5 

I-LITE3 

LIGHT CURRENT 
20 mW/cm^ 

VCE 

— 

5V, IF = 60 mA from 
reference source 

6 

I-LITE4 

LIGHT CURRENT 
27 mW/cm^ 

VCE 

= 

5V, IF = 80 mA from 
reference source 

7 

I-LITE5 

LIGHT CURRENT 
33 mW/cm^ 

VCE 

= 

5V, IF = 100 mA from 
reference source 

8 

VCE(SAT) 

OUTPUT SATURATION 

VOLTAGE IC 


0.4 mA, IF = 70 mA 
from reference 
source 
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NORMALIZED l-LITE DATA 


NORMALIZED I — LITE DATA 

4/27/87 


I 


I 


PreRad 



krad (Si) Hours 

LOG1 258:Data TIX TIL604 NPN Planar 
Silicon Phototransistor 


—a— 

■ 1 — LITE @ 

IF =20mA 

v - - 

■ I— LITE @ 

IF =40mA 


— *7— 

l-LITE @ 

IF =60mA 

— +— 

■ l-LITE @ 

1 F =80mA 

— e— 

■ l-LITE @ 

IF = 100mA 


5-22 





C. INTEGRATED CIRCUITS 

2 

The data are presented in graphic format using the normal distribution. 

The graph format varies depending on the test requirements. Some graphs 
present a table of standard deviations at the bottom (Figure 5-2), others have 
more than one plot per paragraph, with or without post irradiation effects 
(PIE) data in hours following end of radiation (EOR) plots (Figure 5-3). 

Tests investigating dose rate effects indicate the test dose rate on the graph. 



DATE CODE OR OTHER 
IDENTIFYING NUMBER 


ELECTRICAL PARAMETER 
AND OPERATING 
CONDITIONS 


-15/ - GAIN IN DB : 5* LOAD = 2 HA VS DOSE 


TABLE or NORMAL STANDARD DEVIATIONS 

CURVE I t 

< *A ) 

OOSE. Klloradt (SI) 

7B 260 750 2600 

E 2.00 

5.963 1.506 7009 1.209 


AVERAGE VALUE OF 
PARAMETER BEFORE 
IRRADIATION 


INITIAL mean value -GAJMDBI 


t . uxio 4 * 


STANDARD DEVIATION 
VALUES FOR EACH 
MEASUREMENT POINT 


Figure 5-2. Typical Integrated Circuit Graph Format Example 


2 The log-normal or other types of distributions may provide a better fit for 
some radiation data than the normal distribution. Hence, caution should be 
exercised in estimating worst-case conditions based on the limited statistical 
data presented here. 
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Figure 5-3. Alternate Integrated Circuit Graph Format Example 
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DEV] OL' TYPE- 34AC3T4 OCTAL D-TYPE F1F 

MEG : ESC 3 DEVICES TEST DATE 2-33-3T 

PEE' JPL LOG 3296 DATE CODE 6633 



PARAMETERS CONDITIONS 


CURVE 

A: 

(51 

V0L1-A 

(VI 

( ] OUT = 20 

UA1 

CURVE 

E : 

(61 

VOLl-E 

(VI 

n w 


CURVE 

C: 

in i 

V0L2-A 

(VI 

( 1 OUT = 24 

MAI 

CURVE 

D : 

(6 j 

V0L2— E 

(V] 

1* W 
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PARAMETER MEAN VALUE 


DEV] OE TYPE: 34PC374 OCTOL D-TYPE F1F 
MFG • FSC 3 DEVICES TEST DRTE 2-11-67 

REF: jpl LOG 1296 DRTE CODE 6633 


I 


i .^OO-iO [— ,.L.. rrrhTTTt : , . , i i. rfrrfcntr ...t .-tv. ..E.-T' • Ttrrrtnflat 1 r v rrr i . ■ i : r . \ ^ 1 1 . rrtrrrT rrr ' rrrr 

PRE~ 10 3 i .5 2 . 3 . 4 .S. 6 .U 0 4 i.*l 2 . 4 . 5 . 6 . 2 . I 0 ° 2 . 4 . 6 .lO J ‘ 2 . 4 , 6 . 10^2 

POD _ EQR 

DOSE, V'ads(Si ) Co 60 Gammas TIME, nouvs 


CURVE R 
CURVE B 
CURVE C 
CURVE D 


PARAMETERS 

7^) I IH~R 
(101 IIH-B 
(111 II L-R 
(121 IiL-B 


CONDITIONS 

7r1 (VIM = VCCJ 

( A 1 " " 

(R) (VIN = GRD1 

(R1 


PARAMETER MEAN VALUE 


Device TYPE: 34AC3T4 OCTAL D-TYPE FJF 
MFG: FSC 3 DEVICES TEST DATE 2-11-ST 


REF- JPL LOG 1296 DATE CODE 6633 



CURVE A 
CURVE B 
CURVE C 
CURVE D 


PARAMETERS 


v 13) 

] OZH1-A 

(A) 

^ 1 4 ) 

] 0ZH1-B 

CA] 

CIS) 

] 0ZH2—A 

(A) 

( 16 1 

10ZH2-B 

(A] 


CONDITIONS 
CVIN = 3.66 VI 

n w 

CVIN = 3 .64 VI 
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PARAMETER MEAN VALUE 


DEVICE 7YP£- 34AC3T4 OCTAL EF-TYPE FJF 
MFC : FSC 3 DEVICES TEST DATE 2-11-37 

REF- TPL LOG 1296 DATE CODE 3633 



RQD „ COR 

DOSE, rads(Si) Co * 0 Gammas TIME, nours 


PARAMETERS CONDITiONS 

CURVE A’ vlTl 1 02L1--A (A) CViN = 3.36 VI 

CURVE B- iiei 30ZL1-B CA1 

CURVE C: U9] ] C'£L2— A (A) CVIN = 1.64 VI 

CURVE D- \20) ] 0£LZ— B (A] 
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PARAMETER MEAN VALUE 


DEVICE' TYPE : 54AC3T4 OCTAL D-TYPE F1F 
MFG - FSC 3 DEVICES TEST DATE 2-ia-eT 

REF- JPL LOG 3296 DATE CODE 6633 



PARAMETERS 


CURVE 


t21 i 

] CCH-A 

CAl 

CURVE 

B - 

v231 

] CCL-A 

(A) 

CURVE 

Cr 

v231 

i ccz-a 

(A1 
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PARAMETER MEAN VALUE 


DEVICE TYPE: 34AC3T4 OCTAL D-TYPE F7F 
MFG - ESC 3 DEV] OES TEST DATE 2- 1 1-3T 

REF : TPL LOG 1294 DATE CODE 3433 



PARAMETERS 


CURVE 

A: 

(22) I CCH“B 

(A) 

CURVE 

E : 

(24) ]CCL"E 

(A) 

CURVE 

C: 

(24 ) jCCZ-E 

(A) 
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PARAMETER MEAN VALUE 


DEV] CL" TYPE - 54AC3T4 OCTAL D-TYPE F1F 
MFC - NSC 3 DEVICES TEST DATE 3-24--8T 


PEE: JPL LOG 3300 DATE CODE £62T 



PARAMETERS CONDITIONS 

CURVE A : 1 3 1 V0H3--A (VI (jOUT = -20 UA1 

CURVE B- i21 VCJH3-B CV1 
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1CTAL D-7YPL" F/F 

TtST 3-24--^ 

D^T£ CODL' 3^62^ 








PARAMETER MEAN VALUE 


Device TYPE-' 34AC3T4 OCTAL D-TYPE F./F 
Mf-'St NSC 3 DEVICES TEST DATE 3-24-6T 



PARAMETERS CONDITIONS 


CURVE 

A- 

(91 

1 jH-A 

Cm 

CVIN - 

VCC1 

CURVE 

£ • 

vlOl 

1 jH~£ 

CA1 

fi 

K 

CURVE 

C: 

13 J j 

] ] L~n 

cm 

C CV3N 

= GND1 

CURVE 

D- 


3 3L-B 

ffU 

If 

fl 
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PARAMETER MEAN VALUE 


DEVICE TYPE - 34AC3T4 OCTAL D-TYPE F1F 
MEQ- NSC 3 DEVICES TEST DATE 3-24— eT 

PEF- -JPL LOG 1300 DATE CODE &62V 



CURVE 

fr 

v331 

3 

CAT 

CV1N - 4.2 VI 

CURVE 

3: 

v 3 4 1 


CA1 

m « 

CURVE 

c- 

il*>^ 

] J£H2~A 

CA1 

fVIN —1.2 VI 

CURVE 

D : 

1 3£> 1 

] oim-t 

CAT 

If If 
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PARAMETER MEAN VALUE 


DEVICE TYPE : 54AC3T4 OCTAL D-TYPE f 7F 
NFG - NRC 3 DEVICES TEST DATE 3-24-eT 

PEE' JPL LOG’ 3300 DATE CODE £L2T 



CTJPV£ 

A - 

(r7) 

]0ZL3-A 

cm 

(V1N = 4.2 

VI 

cup.vt 

£ : 

; j 

] 07L 1"£ 

Cfll 

» n 


CUPVt 

C: 

("201 

] JZL2-£ 

CAT 

CV1N = 3 .2 

VI 
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FARAMETER MEAN VALUE 


DEVICE TYPE: 54AC3T4 OCTAL D-TYPE f 'IF 
NFG : NSC 3 DEVICES TEST DOTE 3-24-£T 

PEf " : JPL LOG 3300 DATE CODE £<S2T 



PARAMETERS 

CURVE A: (231 ICCH-A CAI 
CURVE & ■ 1 23 1 ICCL-A CAI 
CURVE C: (251 ICCZ-A CAI 
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PARAMETER MEAN VALUE 


Device TYPE: 34AC3T4 OCTAL D-TYPE F IF 
MFG: NSC 3 DeV]C£5 TEST DATE 3~24~£T 

PEF'- JPL LOG 3300 DATE CODE £42T 



PARAMETERS 


CURVE 

A: 

(221 

:cch-b 

CA1 

CURVE 

£ ■ 

v241 

1CCL-E 

CA1 

CURVE 

C: 

l2«61 

] CCY-B 

cm 
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PARAMETER MEAN VALUE 




PARAMETER MEAN VALUE 


DEVICE TYPE: 34HC74 (DUAL D-TYPE F/FJ 
MFG : TJX 3 DEVICES TEST DATE 10-35-SS 

REF' JPL LOG 3374 DfYTE CODE -8S03 



0.5 rads/sec Dose Rate 


PARAMETERS 


CURVE 

A : 

(31 

V7N(31-0N 

(VI 

CURVE 

B - 

(41 

VTN(61-0N 

(VI 

CURVE 

C- 

v31 

VTNC61-0fT 

(VI 

CURVE 

D - 

(61 

VTNCll 1-Of‘F 

(VI 
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-2 .-24 } i , i , I j , i , J r-r-r: t r -r v rj i , i , u .J . 1 i.J.liw.l ; . t ■ T i t i ■ ) , m J J . i J . i ttttttttt? i.'j rrrjnTTrj 

PRC- 10 3 i.5 2. 3. 4. 5. 4. €. 1 Q 4 a .3 2- l0°2. A.uO^. 4. 6.1 0*2. 4.6 J 0 

RAD .. COR 

DOSE, rcds(Sj) Co to Gammas TIME', houvs 

0.5 rads/sec Dose Rate 

PARAMETERS 


CURVE 

A: 

(-71 

vtpc31-on 

(VI 

CURVE 

B - 

\£1 

VTP (<6 1-0N 

(VI 

CURVE 

C: 

(91 

VTP (-8 1—OFF 

(VI 

CURVE 

D : 

vaoi 

VTP (11 1—OFF 

(VI 





PARAMETER MEAN VALUE 


DEVI CE TYPE - 34HCT4 (DUPL D-TYPE F/F3 
MFG- T3X 5 DEVICES TEST DATE 10- 35- 66 

PEE: JPL LOG 13T4 DATE CODE SS01 



















1 















































/ 


' — ^ 

\ 

\ 



i 










/ 

/ 




\ 

\ 


/ 






I 



/ 

/ 

y 

1 i 

/* 


i 

i 


V 

i 




- 

- 

- 


^-6— 

J 

/ 


/ 

; 

J 


> ft- 





^*Si 



h i 

1 i"T TT1 

~'l' 'T ~I 'TT 

: t ri 

Trrrr 

7TT- 

tttt) 

-r^r 

/ 

/ 

TT-n 


“TTTTTT 

TTHTT 

Ji 'J 1 K 

TTTTn 

i i ! J 1 J ♦. 

rrrn . 


.5 2. 3. 4 . 5. <6. h. 10* a. 5 

DOSE, rads(Sj) Co 60 Gammas 
0.5 rads/sec Dose Rate 

PARAMETERS 


10°2. i.ilD 1 2. 4.<6-LG*2. 4.4JO 

* 

TIME, hours 


CURVE 

A • 

(an 

TPLHG3 

(SI 

CURVE 

B- 

(321 

TPHLQ3 

(S3 

CURVE 

C: 

v 331 

TPLH02 

(SI 

CURVE 

D- 

(341 

TPHL02 

(S3 


DEVICE TYPE: 34HC374 CMOS OCTAL D-TYPE FJF 
MFQ: NSC 3 DEVICES TEST DATE 11-13-63 

PEE : -TPL L06 1215 DATE CODE PC320 
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. 1 ERM VdLCMV; 


Device Tvpe: 54HC374 C ms OCTAL D-TYPE FiF 
Sf*&: NSC 5 DEVICES TEST DATE 11-13-65 

•PEF * -7PL LOS 121*3 DATE CODE P6320 


237. <60 


^26.7Q 


215 . 60 


204 -. 53 


393.43 - 


162.31 



16D. 12 


149. G2 7—: 

PRE- 10 3 
ROD 





CURVE 

dose 




^.5 2. 5. 4f <d. 10 3.5 2. 

DOSE, rndstSj ) Co^° Gnmmns 
'23 VOL CVCC=4.3V, J0=6W/» IN MV: VS DOSE 


TABLE OF NORMAL STANDARD DEVIATIONS 


DOSE, radsisn 

o.oeo 1.0E3 2.0E3 3.0E3 5.9E3 7.0E3 I.9E4 1.5E4 2.0E4 2.5E4 3.9E4 
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MEAN I OH (MAI 


DEVICE TYPE: 34HC374 CMOS OCTAL D-TYPE FJF 
ftf'S- NSC 3 DEVICES TEST DATE 11-13-63 

REF: UPL LOG 1213 DATE CODE A6320 



TABLE OF NORMAL STANDARD DEVIATIONS 

CURVE 

DOSE 

DOSE. radalSJ} 

0. DEO 1.0E3 2.0E3 3.0E3 3.0E3 7.0E3 1.0E4 1.-3E4 2.0E4 2-3E4 3.QE4 

STD. DEV. 

.0672 .0760 .0766 .0772 .0677 .1290 .2191 .3019 .9302 .6016 .9439 

DOSE 

4.0E4 


STD. DEV. 

2.063 


INITIAL MEAN VALUE lOHtflAl = -4.63X10*° 
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I OL ( MR ) 
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MEAN IIH(Nfl) 


DCVICC TYPC: 34HC374 CMOS OCTAL D-TYf>E F1F 
MF6 • NSC 3 Devices 7FS7 Dftie 11-13-S5 

Ree: JPL LOG 1215 DOTL CODC Re320 



PR E- iO 3 JJ 
RAD 

DOSE, r 

(5 ) 11H fVCC 

TABLC OF NORMAL STANDARD DCVIAT10NS 


CURVe Dose, rads ISM 

DOSC o.oeo 1.0e3 2.0C3 3.0C3 5.0C3 7.0C3 1.QC4 1.5C4 2.0C4 2.5C4 3.0F4 

STD. Dev. .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 


DOSL' 

4 . Of 4 

STD. DLT/. 

126.9 


INITIAL tlL'RN VALUC IIHfNA) = 49.99X10' 
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MEAN IIL(NA) 


DEVICE TYPE : 54HC3T4 CMOS OCTAL D-TYPE F1F 
MFG : NSC 3 DEVICES TEST DOTE 11-13-63 


REF = OPL LOG 1213 DOTE CODE R6320 



INITIAL MEAN VALUE JILfNA) = +6.60X10 -1 
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PARAMETER MEAN VALUE 


DEVICE TYPE • 34HC3T4 OCTAL D--TYPE F1F 
MFG ‘ NSC 3 DEVICES TEST DOTE 3-24-ST 

REE- JPL LOG 1301 DOTE CODE S62T 



CURVE 0 kZ'i V0H2-A CV1 UOVT = -5.2 Mftl 

CURVE B • i41 V0H2-B {VI 
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PARAMETER MEAN VALUE 


DEVICE TYPE- 34HC374 OCTAL D-TYPE FJF 
MFQ: NSC 3 DEVICES TEST DATE 3-24-eT 

REF' TPL LOG 1301 DATE CCDE -6627 



PARAMETERS CONDITIONS 


CURVE 

ft: 

131 

VOL1--A 

(VI 

( 3 OUT = 

20 UA1 

CURVE 

B : 


V0L1-B 

(VI 

n 

pi 

CURVE 

C : 

vTl 

V0L2-A 

(VI 

(jOUT = 

b.2 m) 

CURVE 

D: 

(-6 ) 

V0L2“B 

(VI 


m 


5-51 


PARAMETER MEAN VALUE 


DEVICE TYPE: !54HC3T4 OCTAL D-TYPE F/F 
MFG: NSC 3 DEVICES TEST DATE 3-24-6*7 

REF: JPL LOG 1301 DATE CODE 662*7 



5. 6 . e. 1G 4 1.5 2. 3, 4. 

DOSE, radsfSi ) Co 60 Gammas 


5. 6. 10° 2. 4.6.10* 2 . 4.6.i0 2 2 

EOR 

TIME, hours 


PARAMETERS 


CONDITIONS 


CURVE A: 

(91 

hh--a 

v A 3 

CVIN 

CURVE E : 

v 101 

I If-f-B 

(A3 

H 

CURVE C* 

(Hi 

1 1 L-A 

CA 3 

(CVIN 

CURVE D : 

(121 

1 1 L-B 

\ A J 

w 




PARAMETER MEAN VALUE 


DEVICE TYPE: 54HC3T4 OCTAL D-TYPE F/F 
MFG : NSC 3 DEVICES TEST DOTE 3-24-CT 

REF: JPL LOG 1301 DOTE CODE 362T 



CURVE 

R: 

i r? i 

lOZU-fi 

CPI i 

C V I M “4.2 

VI 

CURVE 

£ : 

C 16 j 

lOZL-Bi 

cm 

* » 


CURVE 

C- 

Cl*! 

;oi:L2“Pi 

cpi ; 

CVIN = 1 .2 

VI 

CURVE 

D : 

('20 1 

JU2L2-B 

CPI 1 

w " 
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PARAMETER MEAN VALUE 


DEVICE TYPE- 34HC374 OCTAL D-TYPE F1F 
MF6 : NSC 3 DEVICES TEST DATE 3-24 

PEE - JPL LOG 3303 DATE CODE -6627 



PARAMETERS 


CURVE 

A - 

v2m 

] CCH-A 

cm 

CURVE 

B : 

^231 

ICCL-A 

cm 

CURVE 

C: 

l231 

] CCZ-A 

cm 
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PARAMETER MEAN VALUE 


DEVICE TYPE: 34HC3T4 OCTAL ID-TYPE F]F 
MEG: NSC 3 DEVICES TEST DATE 3-24-&T 

REF- JPL LOG 1301 DATE CODE $6 21 



PARAMETERS 


CURVE A: 
CURVE B • 
CURVE C: 


^221 I CCH“B CA1 
(231 1 CCL-A (A1 
(241 ICCL-B (A1 




PARAMETER MEAN VALUE 


DEVICE TYPE: AM6012A 12-BIT DRC 

MFG = AMD 2 DEVICES TEST DATE 04-09-36 

REF: JPL LOG 1230 DATE CODE 3331EMM 



ROD 

DOSE, rads (S;) 2.5 MeV electrons 

PARAMETERS 

CURVE A: m I IH CVIH=13V1 INNA: 
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PARAMETER MEAN VALUE 


DEVICE TYPE: AM6012R 12-BIT DOC 

MFC: AMD 2 DEVICES TEST DATE 04-09-86 

REF: jpl LOG 1250 DOTE CODE 8531EMM 



ROD 

DOSE, iads(Si') 2.5 MeV electrons 
PARAMETERS 

CURVE A : (2) IiL CVIL=OV) IN UR = 
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PARAMETER MEAN VALUE 







PARAMETER MEAN VALUE 


Device ivpe- rm6 012/1 12 -bit drc 

MFG - AMD 2 Devices TEST DATE 04-09- £6 

Ref- OPL LOG 1250 DATE' CODL' E531EMM 



RflD 

DOStj rads(S:) 2.5 MeV eJ ecivons 


PARAMETERS 


CURVE fir 
CURVE E : 
CURVE C- 
CURVE D- 


^ 4> 1 PSS+ 1 

(n't pss+ 2 
pss-i 

v91 PSS-2 


(15V>VC04.5V J DELTRI 10 MEASURED! IN NA : 
C15V>VC03CV, DELTA 10 MEASURED IN NA : 

<-10. £V>VEE>-35V .DELTA 10 MEASURED! IN NA : 
C - 1 5V>VEE>— 3 -fc V . DELT A 10 MEASURED! IN NA : 
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PARAMETER MEAN VALUE 


DEVICE TYPE: AM6012A 12-BIT DAC 

MEG: AMD 2 DEVICES TEST DATE 04-09-86 

REF: JPl LOG 1250 DATE CODE 8531EMM 




PRE*~ IQ 4 a .5 2 , 


4. 4 . S.6. *.iO 1.5 k. 3- 4. 

DOSE, rads (Si) 2.5 MeV electrons 


PARAMETERS 


CURVE A : CIO! IREF CVREF^OV) IN NR: 


PARAMETER MEAN VALUE 


DEVICE 7VPE : AM«012A 12-BII7 OAC 

Mf 6 : AMD 2 DEVjCES TEST DATE 04-09— &6 

REE- TPL LOS 1250 DATE CODE €5 3 a EMM 



PARAMETERS 

CURVE A : ill I NONLIN CMEAS'D I>EV . FROM END-POINT CURVE FIT! IN F-S • 
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PARAMETER MEAN VALUE 


DEVICE TYPE- AM60T2A 12-B3T DAC 

MEG : AMD 2 DEVICES TEST DATE 04-09-66 

RET- TPL LOG 1250 DATE CODE €53iCMM 



RAD 

DO-SE J rads (Si) 2.5 MeV sJ eclvons 

PARAMETERS 


;URV£ A: ( 12 ) DNL+ (CALC. f'ROM MEAVD E IT WEIGHTS IN TEST 4=461 ES : 

CURVE B: (13) DNL- (CALC. {'ROM MEAS'D BIT WEIGHTS IN TEST *46) f'S : 
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PARAMETER MEAN VALUE 


Dtv net TVPf- AM6012A 12-ET7 DAC 

MfQ: AMD 2 DtV ICtS TtST DATt Q4-09-E6 

Rtf': JPL LOS 1250 DATE CODE E531EMM 



ROD 

JOSE, vadsCSl) 2 . 5 MeV eJecirons 


PARAMETERS 


CUPVt A- v 141 7PHL CMSE 50 POINT TO 10C-1 50 P01NT1 IN NA : 
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Device Type- 

CD 40:1:1 QUAD NATO ( 

'& 7 £ 


.MFC - PGA 

.5 DEV J CCS 

TEST 

OA7€ 


PtF: JPL LOG 

nr73 

QA7C 

CODE 

D407 




mi 


IIJI 


Q 2 j.s 

2. 

3. 4. 5.4. O.aCr J .5 2. 3. 4 . 5.4. 4.J 

tCT 10° 2. 4.4.i0 3 2. -.UO% 
L'0£ 


DGS£, rads (Si) Co” 60 Ganim as 

T 1 MC j haul ' 5 



PARAMETERS 


CUP VC 

PC 

CH j QH CNA1 


CURVE 

5' 

i21 j QL CNA1 






PARAMETER MEAN VALUE 


DEVICE TYPE: 00403:1 OUAD NAND GATE 

MFG: PGA 5 DEVICES TEST DATE 09--35-SS 

PEf: JPL LOG 33T3 DATE CODE D407 



PARAMETERS 


CURVE 

A : 

(21 

VTN1--0N 

(VI 

CUPVC 

£- 

(41 

V7N2-0N 

(VI 

CUPVC 

C ' 

("71 

V7N6-0N 

CV1 

AJPVC 

D- 

i-ei 

VTN^-ON 

(VI 
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PARAMETER MEAN VALUE 


Device TYPE : CD40J3 QUAD NAND GATE 

MEG- RCA -"> DEVICES TEST DATE 09-35-66 

REG : -TRL LUG im DATE CODE D4DV 



PARAMETERS 


CURVE 

n- 

\\T] 

vT^-orr 

(VI 

CURVE 

£ ’ 

v-6 1 

V7N6— Of 7’ 

TV] 

CUR'VE 

C- 

(91 

V7N1 

iVl 

CURVE 

D - 

v.i 01 

vtn Of ~r 

(VI 
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PARAMETER MEAN VALUE 


DEV]tt 7YP€ : GD403 3 QUAD NRND GfTTt' 

MFS- RCA 5 DEV3 CtS 7tS7 DfTTt 09 - 15-46 

R£f: JPl LOG 3 373 DATE COOL D407 



PARAMETERS 


CUP VC 

fl: 

<33 3 

VTRj-Of'f 

(Vj 

CURVE 

C = 

(3*21 

VTP2“0rf' 

(VI 

CURVE 

C: 

(351 

vTP^-orc 

(VI 

CURVE 

D - 

(343 

VTP^-orr 

. (VI 
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PARAMETER MEAN VALUE 


DEV] CE TYPE: GD403 3 QUAD NAND SATE 
MEG - PGA 5 DEV] CES TEST DATE 09 

PEE: jpl LOG 3]T3 DATE CODE D4D7 



PARAMETERS 


CU PV£ 

A* 

1331 

VTP^-ON 

cvi 

CUPV£ 

£ 

(341 

VTP-6 -ON 

tVl 

CUPVt 

C- 

irn 

V7P32-0N 

?V1 

cupv-e 

D- 

(3*1 

V7P33-0N 

[V] 
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PARAMETER MEAN VALUE 


DGVjCt TYPE- CD40i3 QUAD NAND GATE 

MPG - PGR 5 DEV] CC-S TE-ST DATE 09- 3-5-64 



PARAMETERS 

CURVE A- (391 TP (MS') 

CURVE £■ C201 TP CHS] 
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PARAMETER MEAN VALUE 


Dev:C€ TYPE : CD40 j 3 QUAD NfiND CA7L' 

Nf-'G: RCA -5 DLVj CLS TtST DATE' 09~15~£6 

Rtf': -7RL LOG L 73 DATE CODE D4D7 



PARAMETERS 

CURVE A: \'2'j : 7PLH CNS7 

CURVE 5 : 1V2) TRifL CNS1 
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PARAMETER MEAN VALUE 


DEVICE TYPE: CD4011 Q'JflD NRND GRTE 

MFG : POP 5 DEVICES TEST DATE 09- IT-66 

REF: JPL LOG 1203 DATE CODE D407 



PARAMETERS 

CURVE fi: Cl) I OH INI NR: 

CURVE B : C2) IQL IN NR: 
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PARAMETER MEAN VALUE 


DEVICE TYPE- CD4033 QUAD NAND GATE 

MEG: RCA 5 DEVICES TEST DATE 09-3T-S6 

REF ■ JPL LOG 3203 DATE CODE D407 



PARAMETERS CONDrTIONS 


CURVE 

A: 

C3i 

VTN 

3-ON 

(VI 

(BIAS 

13V 1 

CURVE 

B - 

C41 

VTN 

2- ON 

(VI 

w 

«v 

CURVE 

C: 

in i 

VTN 

3~0N 

(VI 

IV 

w 

CURVE 

D- 


VTN 

9- ON 

(VI 

91 

n 


5-74 


PARAMETER MEAN VALUE 


DEVICE TYPE: CD40i3 QUAD NAND GATE 

MFG: RCA 3 DEVICES TEST DATE 09-3T-66 



PARAMETERS CONDITIONS 


CURVE 

A: 

(51 

VTN 5-OFF 

(VI 

(BIAS 

QND1 

CURVE 

B : 

(41 

VTN 6— OFF 

(VI 

n 

n 

CURVE 

C: 

(91 

VTN32-0FF 

(VI 

w 

n 

CURVE 

D- 

(101 

VTN33-0FF 

(VI 

M 

m 


5-75 


PARAMETER MEAN VALUE 


DEVICE TYPE: CD40:i:l QUAD NAND GATE 

MFG ■ RCA 5 DEVICES TEST DATE 09-3T-&6 

REF: JPL LUG 1203 DATE CODE D407 



PARAMETERS CONDITIONS 


CURVE 

R: 

(ill 

VTP 

i-orr 

(VI 

(BIAS 

15V 1 

CURVE 

B r 

i 121 

VTP 

2-OFF 

(VI 

ft 

if 

CURVE 

C : 


VTP 

OFF 

(VI 

•* 

Vf 

CURVE 

D* 

i!61 

VTP 

9- OFF 

(VI 

m 

n 
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O CD 


PARAMETER MEAN VALUE 


Device Type - CD40ia ourd nrnd grte 

MFG - RCft 5 Devices TEST DATE 09-n-es 

R£F ■ 7PL LOG 3203 DATE CODE D407 



PARAMETERS CONDfTKDNS 


CURVE 

A- 

<131 

VTP 3~0N 

CV1 

(BIAS 

OND1 

CURVE 

B : 

v 141 

VTP 6— ON 

CV1 

m 

VI 

CURVE 

c-- 

cm 

VTP 12- ON 

CV1 

m 

w 

CURVE 

D- 

( l£ 1 

V7P13-0N 

(VI 

m 

w 
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PARAMETER MEAN VALUE 


DEVICE TYPE: CD4011 QUAD NAND GATE 

MFG : RCA 5 DEVICES TEST DATE 09-17-66 

REF: jpl LOG 1203 DATE CODE D407 



PARAMETERS 

CURVE A: (2i '> TPLH IN NS : 

CURVE B: (22) TPHL IN NS : 
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(bn) HOI Nb3W 


DEVICE TYPE : CD 4 01-3 CMOS DUAL D f 'IV 

MFC - SSS 3 DEVICES TEST DATE 06-22-65 

REF- TPL L06 1176 DATE CODE -3527 



RAD 


DOSt , radsCSJ) Co^° Ganjiijcs 

iliidH C VDD-15V) IN UA‘ VS DOSE 


TABLE Of NORMAL STANDARD DEVIATIONS 

CURVE 

dose: 

DOSE, v ads [ Si 3 

0.0E0 1.QE3 2. j.E 3 5.0E5 i . OE4 2.0E4 5.0E4 5.0E4 1.0E5 

STD . DEV. 

.0906 .2770 .2645 .2596 7.456 479.4 5272. 9417. XXXXX 


INITIAL MEAN VALUE IGHiUA) - +2. 13 XiO m 
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MEAN IQL(UA> 


DEVICE TYPE : CD4013 CMOS DUAL D F IF 

MF6- S6S 3 DEVICES TEST DATE 0 €-22-63 

RET- TP’l L06 1176 DATE CODE -352Y 



( 2 ) I OL ( VDD-15V) IN Ufl- VS DOSE 


TABLE OF NORMAL STANDARD DEVIATIONS 

CURVE 

DOSE 

DOSE. *• ads [ Si 3 

O.OEO 1.0E3 2. iE3 3.0E3 1.0E4 2.0E4 3.0E4 5.0E4 1.0E-5 

-STD. DEV. 

.0665 .1636 .1561 .26747.621 176.1 1102. 3267. 1372. 


INITIAL MEAN VALUE IOLIUA) - +1.05X10*° 
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MEAN V0HQ2( V) 


Device t vpe- CD 4013 cjios dual d fjf 

MFG- SQS 3 Devices 7ES7 Dfl7E 06-22-65 

R€F- UPl L06 1176 BATE CODE 3S2Y 



TfELC OT MORMHL STTfiNDHPO DEVI fTT JONS 

CURVE 

DOSE 

DOSE, j* a 6s [ S± J 

0.0E0 1.QE3 2 .xE3 3.0E3 1.0E4 2.0E4 3.0L‘4 5. OEM 1.0EJ5 

STD. DEV. 

.0416 .0447 . 0570 . 0652 . 0447 . 0570 . 2162 . 6544 


INITIAL MEAN VALUE Vi3«2IV) = +1.36X10* 1 
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MEAN I0HQ2(MA) 


DEVICE 7YPE •' GD40J.3 CMOS DUAL D F1F 

MTS- SSS 3 DEVICES 7ES7 DATE Ob-22-63 

fiEf: 7 PL L06 1176 DATE CODE 35-2^ 






(AW)ZCnPA NU3W 


DEVICE TYPf: CD 4 013 CMOS DIM. D F IF 

MEG: SGS 5 DEVICES TEST DATE 06-22-65 

PEE: JPL LOG 1176 DOTE CODE 352Y 



DOSE, I'adstSj ) Co 60 Genres 


v5)V0Ld2 U0-50JA) 3N MV: VS DOSE 


table or normal standard deviations 

CURVE 

DOSE 

DOSE, rods [S; ) 

0. DEO i . 0C3 2. iE3 5.0E3 1 . QE4 2.QE4 3.0E4 5.0E4 1.0E3 

STD. DLV. 

2706 .2967 .5910 .4077 . A 253 .3791 .5357 2.065 2.536 


INITIAL MEAN VALUE VUL02rMV) ^ +7.67XlD +0 
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MEAN Z0L02(MA) 


DEVICE m: CD4013 CJ10S DUAL D F7F 

NFS' SGS 5 DEVICES 7ES7 M7E 0£-22-£5 

PET- 3PL LOG 117-6 DATE CODE 352^ 



1.5 2 . 


4 . 5 . 6 . 


«. iO 4 


CURVE 

DOSE 


-STD. DEV. 


DOSE, rods(Sj) Co 60 Gcranias 

(63J0L02 CVJ-1.5V) IN Nfl: VS DOSE 


dele or normal standard deviations 


DOSE, i- ad* [Si 3 

O.OEO 1.0E3 2.1E3 5.0E3 1 . 0E4 2.QE4 3.0E4 5.0E4 1.QE5 


2359 . 2301 .2327 . 2450 . L717 .1769 . i46 0 .3657 .<1016 


INITIAL MEAN VALUE I0L02IMA) - +6.59XlO' +a 

* DEVICE PARAMETER FAILURE 
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PARAMETER MEAN VALUE 






PARAMETER MEAN VALUE 



PARAMETERS 

CURVE A: (.31 V7N3-0N CV1 

CURVE E: (31 VTN5-0N CV1 

CURVE C: (-61 VTN6-0N (VI 

CURVE D- (91 VTN30-0N CV1 

* ANNEAL 



PARAMETER MEAN VALUE 


DEV] C£ TYPE : CD4033 DURL D FJF 

MEG : SGS 5 DEVICES TEST DRTE 3D-2 9-£4 

PEE: JPL LOG 3204 COTE CODE 332^ 



PARAMETERS 


CURVE 

A : 

v4) 

VTN4-0FF 

(VI 

CURVE 

B = 

(*71 

VTNe-OFF 

(VI 

CURVE 

c- 

cei 

VTN*-OFF 

(VO 

CURVE 

D * 

C 101 

VTN1 1-OfF 

(VI 


5-88 


PARAMETER MEAN VALUE 


DEVICE TYPE: CD4013 0UPL D f.’f 

MFC' SOS 3 DEVICES TEST DATE 10-29-66 

PEE ' JPL LOG 1204 DATE CODE 332Y 





PARAMETERS 

CURVE 

A: 

K 193TFQ3 CNS1 

CURVE 

5: 

12017F02CNS1 

CURVE- 

C- 

nPOaCNSl 

CURVE 

D : 

V223TR02CNS1 


5-89 






PARAMETER MEAN VALUE 


DEVICE TYPE- CD4013 DUAL D FJF i 

MFG: SGS 5 DEVICES TEST DATE 10-29^66 

PEF : JPL LOG 1204 DATE CODE 332Y 



PR£“ IQ 2 J.5 2. 3. 4. 5. 4. 4.5 2. 3. 4. 5.4. 10°2. 4_4-L0 1 2. 4.4.1 0^2. 4.4 

RflD _ EOR 

DOSE, rads(Si) Co * 0 Gammas TIME, hours 


CURVE A 
CURVE B ’ 
CURVE C- 
CURVE D : 


PARAMETERS 

(23 1TPLH01 (NS 1 
t24 1TPLH02 CNS ] 
12-31TPHLQ1 CNS] 
i2<6 1TPHL02 CNS 1 



PARAMETER MEAN VALUE 


DEVICE TYPE: GD4033DUAL D F IF 

MFG : SSS 3 DEVICES TEST DPTTE 30-29-66 

REF: JPL LOG 326T DATE CODE -6323 



PARAMETERS 

CURVE fl: miOHCNfil 

CURVE B: (21IQLCNRI 

* ACCELERATED ANNEAL 


5-91 


PARAMETER MEAN VALUE 


DEVICE TYPE-' CD4013 DUAL D FJF • 

MFC*: SSS 5 DEVICES TEST DATE 10-29-66 

REF : JPL LOG 1267 DATE CODE 6321 



PARAMETERS 


CURVE A : C3 ] VTN3-ON CV 3 

CURVET F*: C5 ] VTN5-0N C V 3 

CURVE C: C6i VTN6-0N CV] 

CURVE D : C9I VTNIO-ON CV] 


5-92 



PARAMETER MEAN VALUE 


Device Type ; CD 4013 dual d rif 

*FG: SSS 5 Devices TeST DPlTe 10-29-56 

REJ" : -JPL LOO 1267 DPlTe C0DL' 5321 



PARAMETERS 


curve: 

R: 

\ 4 ] 

VTN4-0FF 

CV] 

CURVE 

P : 

( 1 ) 

VTNa-OFF 

(V ] 

CURVE 

C: 

cc i 

VTN^OFF 

CV1 

CURVE 

D - 

CIO I 

VTN1 1-OFF 

CV] 


5-93 


PARAMETER MEAN VALUE 


DEV] C£ TYPE'- CD4013 DUAL D FJF 

iiFG= SSS 5 DEVICES TEST DATE 10-29-B6 

PEF: JPL LOG 124T QPTE CODE £321 



PARAMETERS 

CURVE P: Ca9]TFQaCNSl 
CURVE B : C201TF02 CNS1 
CURVE C: (21 1TRQ1 CNS1 
CURVE D: V221TR02CNS1 


5-94 



PARAMETER MEAN VALUE 


DEVICE TYPE : CD4033 DUPE D F IF 

MFG : SSS 5 DEVICES TEST DATE 3D-29-S6 

REF: JPL LOG 32<ST DATE CODE -6323 



PARAMETERS 

CURVE A : i23 iTPLHQi (NS1 

CURVE B ' ^24 1TPLHQ2 (NS ] 

CURVE C- v.2-5 ITPHLQj (NS1 

CURVE D‘ C2-61TPHLG2CNS1 


5-95 


PARAMETER MEAN VALUE 


Device t ype-- cd40j3 dual d f/f 

*F6 : SSS 5 DEVICES TEST DATE IO-29-S6 



PARAMETERS 

CURVE A- vjIIOHCNAI 

CURVE e i21jOl.CNA1 


5-96 


PARAMETER MEAN VALUE 


Device Type; CD40i3 dual d f?f 

MF6 : SSS 5 DEVICES TEST DATE 10-29-66 

REF: jpl LOG 1266 DATE CODE 5321 



PARAMETERS 


CURVE 

Pi : 

c;? ; 

V7N3-0N 

cv 

CURVE 

o - 

(3 I 

VTN3-0N 

CVI 

CURVE' 

C : 

C6I 

V7N6-0N 

CVI 

CURVE 

D 

C 9 1 

VTN10-0N 

CVI 


5-97 


PARAMETER MEAN VALUE 


DEVICE TYPE: CD4013 DUAL D F7F 

MFC - SSS 5 DEVICES TEST DATE 10-29-56 

REF: JPL LOG 1266 DATE CODE 6321 



PARAMETERS 


CURVE 

R: 

C4 ? VTN4-0FF 

CV1 

CURVE 

e : 

C7 ] V7N6-0FF 

CVJ 

CURVE 

0: 

(t) VTN9--0FF 

CV] 

CURVE 

D : 

C 10 ] V7N11-0FF 

CVJ 


5-98 


PARAMETER MEAN VALUE 


DEVICE TYPE : CD4033 DUAL D F IF 

HFG-- SSS 5 DEVICES TEST DATE 3Q-29-€6 

PEE- JPL LOQ 32-66 DATE CODE €323 



PARAMETERS 

CURVE A: i 391TF0J CNS1 

CURVES' 1 201 TEENS') 

CURVE C- (23 1TR03 CNS 1 

CURVE D- i22VTR02(NSl 


PARAMETER MEAN VALUE 



dev: ce type- 

CD4013 DUAL 

D FI f 




MEG* SSS 

5 DEVI CES 

TEST 

DATE 

10-29^-66 

34.20 -t 

&EF- TPL LOG 
1 1 ! 1 

1246 

-i 1 1 r 

DATE 

1 r 

CODE 

6321 

T ! 


!!BH 


43.20 

PRE 

rod 



5.-6. -6. 1.5 2 . 4. 5.6. 6 . 1 0^ i .5 2. 10° 2. 4.4.JQ 1 2. 4.4.10*2 


DOSE, rads (Si) Co^° Gammas 

PARAMETERS 


T I ME , hours 


CURVE A 
CURVE 5 ’ 
CURVE C: 
CURVE 0* 


^231TPLHQl(NS) 
i241TPLHQ2(NSl 
i2-31TPHLQl CNS1 
v26 1TPHLG2 (NS ] 





PARAMETER MEAN VALUE 






PARAMETER MEAN VALUE 


DEVICE TVPE: HCF 400*7 INVERTER 

MFG: SQ8 4 DEVICES TEST DATE 09-13-88 

REF: jpl LOG 13*78 DATE CODE 98822V 



PARAMETERS 


CURVE 

R * 

ni 

VTNC6 I “ON 

CV T 

CURVE 

B : 

C6I 

VTNC3 1 -OFF 

CV T 

CURVE 

C: 

C97 

V7PC10J-0N 

CVI 


5-103 


PARAMETER MEAN VALUE 



PARAMETER MEAN VALUE 



PARAMETER MEAN VALUE 



PARAMETER MEAN VALUE 


DEVICE 7VP£: HCF4007 lNVEP7£fl 

Mf'G: S6S 4 DEVICES TEST BR7E 09-13-6S 

fi£f: 7PL LOS 1379 DATE C0D£ 96-6 227 



PARAMETERS 


CURVE 

A * 


VTH(6 1-ON 

(VI 

CURVE 

E : 

(3 ) 

VTNC 31-orr 

(V) 

CURVE 

C* 


V7PClCn~0N 

(VI 


5-107 



PARAMETER MEAN VALUE 


DEVICE TYPE ■ HCf'400T 1NVEPTEP 

M+'G: SSS 4 DEVICES TEST DATE 09-1 

PET- JPl LOG 13T9 DATE CODE 96€22Y 



PARAMETERS 


CURVE 

A : 

V^Ol 

CURVE 

B - 

cm 

CURVE 

C: 

ii2l 


V7P(4> 1-OFF (VI 
VTPC31-0N (VI 
VTP ( lOl-Of'f'(V) 


5-108 



PARAMETER MEAN VALUE 



PARAMETER MEAN VALUE 


003 CE iyp£- HCE 4007 3NVER7ER 

MF6: S6S 4 D03CES TEST DOTE 09-19-66 

PEE ’ JPL L06 1360 DOTE CODE 96622Y 



RflD 

DOSE, rads (Si) C a * 0 Gam id as 


PARAMETERS 


CURVE 

A- 

(41 

IDSPC61-CFF 

(A1 

CURVE 

5: 

(5) 

IDSPC31-0N 

CA1 

CURVE 

C: 

v61 

iDSPCaoi-orr 

CPU 


PARAMETER MEAN VALUE 


DEVICE TYPE = 

HCF4D0T :NV€fiTEfi 


MF6 : 

se s 

4 DEVICES 

TEST 

DATE 09-1 9~6« 

P£F: 

JPL LOG 

1360 

0A7E 

CODE 9S32-2Y 





DOSE, rads(Sj) Co^° Gammas 




PARAMETERS 


CURVE 

A : 

vT) 

VTNC41-0N 

CV1 

CURVE 

E : 

CS) 

V7N( 31-OFF 

(VI 

CURVE 

C- 

(9) 

VTP ( 301-0N 

CV1 








PARAMETER MEAN VALUE 











PARAMETER MEAN VALUE 


DCVlCC TVPe- HCF 4007 INVERTER 

nee- ses 4 Devices test date 09-19-6S 

REF- JPL LOS 136-6 DATE CODe 96622V 



RAD 

DOSE, i"Qds(Si ) Co' 60 Gammas 
20 rads/sec Dose Rate 

PARAMETERS 


CURVE 

A* 

(41 

]DSRC^]-OFF 

CA] 

CURVE 

B- 

<31 

JDSPC31-0N 

fAl 

CURVE 

C: 

(4) 

]DSP C 3 0 ]-OFF 

(Al 


PARAMETER MEAN VALUE 


DEVICE TYPE- HCE400T UNVEPTEP 
Mf6: S8-S 4 DEVICES TEST DATE 09-19-66 

PEE: TPL LOS 1366 DATE CODE 96622Y 


DOSE, rads (Si) Co Gammas 

20 rads/sec Dose Rate 





PARAMETERS 


CURVE 


m 

V7N(<S1-0N 

(VI 

CURVE 

B - 


vtn(31-off 

(VI 

CURVE 

C: 

(91 

VTPCaO’J-ON 

(VI 




PARAMETER MEAN VALUE 








PARAMETER MEAN VALUE 


D£V]C£ T*P£: HCF400T INVERTER 

NFS : SBS 4 DEVICES TEST DATE 10-03 -€€ 

REF: JPL L08 13-69 DATE CODE 96S22V 





DOSE, rads (Si ) Co 40 Gammas 
0.0116 rads/sec Dose Rate 
PARAMETERS 


CURVE 

A • 

U1 

]DSN C*6 1-ON 

(PH 

CURVE £' 


1DSNW-OFF 

CPI 

CURVE 

C: 

^31 

3DSNC3 Ol-ON 

CPI 


PARAMETER MEAN VALUE 


DO! CE 7 yp£- HCF4007 INVERTER 

WF8: S6S 4 DEVICE'S 7ES7 DRTE 10-03-66 

PEE- 3PL LOS 1369 DR7E CODE 96622V 



CURVE A : 
CURVE 5 : 
CURVE C- 


(41 lb$P(41-0FF 

(51 ] DSP (31 -ON 

i61 iDSPdOl-OFF 


(fll 

(A1 

(A1 



PARAMETER MEAN VALUE 




DEVICE TVPE- HCF40D'7 1NVEPTEP 

MF6: SBS 4 DEVICES TEST DATE 10-03-86 

fl£f-- JPL L08 13-89 DATE CODE 98622V 



DOSE, rads (Si) Co 60 Gammas 

0.0116 rads/sec Dose Rate 





PARAMET 

ERS 

CURVE A ' 

C7 1 

VTNC61- 

ON 

CV1 

CURVE 

B- 

(61 

VTN(31~ 

OFF 

(VI 

CURVE 

C: 

(91 

VTPCIOV 

-ON 

(VI 


5 - 






PARAMETER MEAN VALUE 


DOUCE TYPE • HCF40QT INVERTER 

MEG: S6S 4 DEVICES TEST DATE 10-10-SS 

REF- TPL LOG 1390 DATE CODE 



PARAMETERS 


CURVE 

P: 

m 

3D$N(-63-0N 

(PI 

CURVE 

B - 

C21 

3DSN(31-OFF 

(PI 

CURVE 

C : 

(31 

jDSN ( jOl— ON 

(PI 


5-121 




PARAMETER MEAN VALUE 



DEVICE 7VPE - HCF4007 JNVER7ER 

MFG •- S6S 4 DEVICES 7 ESI DATE 10-10-86 

REF: OPL LOS 1390 DATE CODE 966227 




/ 

\S 

J 

- 




















DOSE, rads (Si) Co 40 Gammas 
0.0058 rads/sec Dose Rate 

PARAMETERS 


CURVE 

fl: 

(41 

3DSRC6 1-OFF 

(A1 

CURVE 

B : 

(31 

1DSPC41-0N 


CURVE 

C- 

C«61 

IDSPClOl-OFF 

CA1 




PARAMETER MEAN VALUE 


DEVICE TYPE: HCF400V 1NVEP7EP 

MFS: S6S 4 DEVICES TEST DATE 10-10-88 

PEE: TPL LOB 1390 DATE CODE 98822Y 


DOSE j rads(SJ) Co 40 Gomnias 
0.0058 rads/sec Dose Rate 





PARAMETERS 


CURVE 

ft: 

ni 

VTN (*6 )-0N 

(VI 

CURVE 

£f : 

(6) 

V7N(31-0fT 

(VI 

CURVE 

0- 

(91 

VTPClCn-ON 

(VI 






PARAMETER MEAN VALUE 


DEVICE TYPE: HCT40I3 DUAL D-7YPE f'.’f 
MFG- S6S S DEVICES TEST DATE 07-19 ~6£ 



PARAMETERS 

CUPVE A- (a* IQH (A1 

CURVE B- \2l iQL CAT 


PARAMETER MEAN VALUE 


DEVICE TYPE: H0F40J3 DUAL D-TYPE FJF 
MFG: SGS -6 DEVICES TEST DATE 07-39-66 

REF': .JPL LOG 3 '660 DATE CODE 966 3 4Y 



PARAMETERS 


CURVE 


(31 

VTN (3 ]-*0N 

CV1 

CURVE 

e 

v5) 

VTN (31 -UN 

(VI 

CURVE 

C: 

1 

VTN (6 1— ON 

(VI 

CURVE 

D ' 

i91 

VTNC 301-GN 

CV] 


5-126 


PARAMETER MEAN VALUE 


DEV]Ct TYPE: HCF4033 DUAL D-TYPE F/F 
MEG- SGS <5 DEVICES TEST DATE 0T-3*-SS 

ft£F : -JPL LOG 3360 DATE CODE 9663 4Y 



PARAMETERS 


curve 

A- 

v 4 1 

VTNC41-0FF 

(VI 

CURVE 

B* 


VTNC6 1-OFF 

(VI 

CURVE 

0 - 


VTNC91—0FF 

CV) 

CURVE 

D' 

(10 J 

VTNC33 1-OFF 

CV1 


5-127 


PARAMETER MEAN VALUE 


DEVICE TYPE- HCE4033 DUAL D--TYPE F IF 
MEG - SGS -6 DEVICES TEST DATE 07-39-S6 

REE- JPL LOG 3360 DATE CODE 966 3 4Y 



1.5 2. 3. i. 5 . 6 . 

DOSE 4 rads (Si ) Co^° Gammas 
1.0 rads/sec Dose Rate 

PARAMETERS 


10 4 1Q°2. i.<slOV i.iJO 

EOP 

TIME, hours 


curve 

A : 

1391 

TPLH01 

(SI 

CURVE 

B* 

*201 

TPHLQl 

(S) 

CURVE 

C: 

*21 j 

TPLH02 

(S) 

CURVE 

D: 

*221 

TPHLQ2 

CSJ 




PARAMETER MEAN VALUE 


DEV] Of TYPE : HCF4033 DUAL D--TYPE f 'IF 
MFG : SOS -6 DEVICES TEST DATE 06-06-66 

REF- JPL LOG 3364 DATE CODE 966 3 4Y 



0.5 rads/sec Dose Rate 
PARAMETERS 

CURVE A= (31 ] OH (A1 

CURVE B • i21 iOL (A1 


5 - 



PARAMETER MEAN VALUE 


DEVICE TYPE - HCF4013 DUAL D-TYPE FJF 
MFG ■ SGS 6 DEVICES TEST DATE De-0e-S6 

PEF: JPL LOG 1364 DATE CODE *6614Y 



RDD ^ EOR 

DOSE, v'ads(Si) Co^° Gairunas TIME, hours 

0.5 rads/sec Dose Rate 
PARAMETERS 

CUPVE A: (31 VTN C3 1-0N CV1 

CURVE B ■ (41 VTN (6 1-ON (VI 

CURVE C^ (51 VTN (6 1-OFF CV1 

CURVE D- v6 1 VTNC111 -OFF CV1 


H 




PARAMETER MEAN VALUE 


DEVjGE TYPE • HCF4013BE DUAL D F7F 

MEG- SBS 3 DEV3CES TEST DATE 9-23-66 

REF- TPL L06 11'7 1 DATE CODE 332Y 



PARAMETERS 

CURVE A - miQHCNA) 

CURVE B = \2]jQL(ls#=n 


5-131 


PARAMETER MEAN VALUE 


3 tv:cc 77f£ : ncf’40i3fit D’J/lu D F7F 
we: e&<$ 5 D£V:tC5 7€57 DJV7£ 

PIT- TPu l 06 iaTJ 3717 C CODF 2527 



PARAMETERS 


cup 

n: 

(31 

VTN2- ON 

CV1 

CUPVF 

£ ’ 

(5i 

VTN5- ON 

(VI 

CURVt 

C : 

v-6 1 

V7>k— ON 

(VI 

CUPVC 

D ’ 

. ?) 

VTN30-- ON 

(VI 


5-132 


PARAMETER MEAN VALUE 


DtTVj C£ ivpf: HCf 4013BC D'JflL D F1F 

.^6: S6S 5 DCVICtS 1€S1 D/V7C 9-Q5-Z6 

P£+': 3PL L06 ilTl Dfllt CODt 33^ 



PARAMETERS 


CURVE 

A: 

:4i 

V7N4-0ff" 

\V1 

.TO 

£: 


VTNC-OfV 

fV] 

JURVf 

C: 

v«ei 

77N9 -OFT 

(V] 

CURVE 

D : 

;jOi 

^N3 j-Cf'F 

cvi 


5-133 



PARAMETER MEAN VALUE 


DO} CL 77PC : «Cf 40135C DUAL D F/F 

If 6: 565 5 D03 CCS 7CS7 DA7t 9-25-€<5 

flff- 7PL LOB 1177 DA7C CODC 330 



•RAD 

DOSC, rodsCSj ) Co ' 60 Gojiimn-s 


PARAMETERS 


CURVC 

A- 

(33 1 

VTP3-0f-'f' 

(VI 

CURVC 

£' 

(33 j 

‘/TP-3- Off 

CV j 

CURVC 

C- 

04 j 

vTPV>-orr 

CV] 

CURVC 

D: 

Kin'. 

v^PjO-off 

m 


5-134 



PARAMETER MEAN VALUE 


DCVjCC TYPt - HCf 40zi3BL DUAL D f 'IF 

Wfe- S6S -5 Dt"V: CLS TO! DA1C 9-25 — 66 

Ptf ■ 7Pl L06 ij 11 DA~£ CODt 35-2'V 



PARAMETERS 


OURVL" 

A • 

;v2i 

"/TP 4- ON 

(VI 

JURVf 

e - 


V7P-6— ON 

(VI 

CURVE 

C: 

m-61 

VTPP^ON 

(VI 

CuRVE 

D- 

\ 3d 

V7P3 j *ON 

CV j 


5-135 




PARAMETER MEAN VALUE 


DEVICE TYPE * HCF40135E DUAL D F/F 

WG- SGS 5 DEVICES TEST DATE 9*25-66 

RET- TPL LOG 1177 DATE CODE 652Y 



DOSE, rads (Si ) Co 60 Gammas 


PARAMETERS 

CURVE A - C 39)7F 1 (NS 3 

CURVE fi: (20 )TF2 (NS 3 

CURVE C: (23 37R3 (NS 3 

CURVE D* (22 37R2(NS 3 


5-136 


PARAMETER MEAN VALUE 


DEVICE TYPE: MCF 4013EE DUAL D F7F 

Mf'Q : <36S 5 DEVICES TEST DATE 9-25-G6 

REF: 3 PL LOG 1111 DATE CODE 332Y 



PARAMETERS 

CURVE A : 1231TPLH1 (NS) 
CURVE B • (24TTPLH2CNS1 
CURVE C: <23 1TPHL3 (NS1 
CURVE D : 12<S1TPHL2CNS) 


5-137 


PARAMETER MEAN VALUE 


DEV1CC TYPE: HCF4013BE DUAL D F7F 

Mf G : SG.S 3 Devices TCS7 DATE 9--23-S6 


per- jpl log ins date code 332Y 



RAD 


DOSE, rads (Sj ) Co 40 Gammas 


PARAMETERS 

CURVE A : i 1 1 1QHCNA1 

CURVE B : i21 IOLCNA1 


5-138 



PARAMETER MEAN VALUE 


DEVICE TYPE- HGF4013BE DUAL D F1F 

tVQ- S6S 3 DEVICES TEST DATE 9-23-34 

REF- TPL LOS 1173 DATE CODE 332Y 



PARAMETERS 


CURVE 

f\ 

l31 

VTN3— ON 

CV1 

CURVE 

B : 

^B1 

VTNB-ON 

(VI 

CURVE 

C- 

^<S1 

VTN^ON 

(VI 

CURVE 

D- 

v 91 

VTNIO-ON 

(VI 


5-139 



PARAMETER MEAN VALUE 


DEVICE TYPE* HCF4013BE DUAL D F7F 

Mf’G : 965 3 DEVICES TEST DATE 9 -25-B6 

R£F- 1PL L06 11TS DATE CODE 332Y 



PARAMETERS 


CURVE 

A ' 

i41 

VTN4-OFF 

CV) 

CURVE 

B ' 

vTl 

VTNS-OFF 

(V) 

CURVE 

c-- 


VTN9- OFF 

(VI 

CURVE 

D- 

vlOl 

VTNl l-OFF 

(V) 


5-140 


PARAMETER MEAN VALUE 


DEVICE TVPE- HCF4Q13BE DUAL D FIF 

Mf S ■ SBS 3 DEVICES TEST DATE 9-23-S6 

REf- 3PL LOG 11TS DATE CODE 332V 



PARAMETERS 

CURVE A- illl V7P3-0FF (VI 

CURVE B - 1131 VTP3— OFf' (VI 

CURVE C ; 1141 VTP6-0FF (VI 

CURVE D- ilTl VTP 10- OFF (VI 


5-141 


PARAMETER MEAN VALUE 


DEVICE TYPE: HCf4013B£ DUAL D F/F 

MfS: S6S 3 DEVICES TEST DATE 9-23-66 

REF: jpl £06 1176 DATE CODE 332Y 



PARAMETERS 


CURVE 



VTP4-0N 

CV1 

CURVE 

B 


VTP6-0N 

(V) 

CURVE 

C- 

116) 

VTP9-0N 

CV) 

CURVE 

D : 

1161 

VTP11-ON 

(V) 


5-142 




PARAMETER MEAN VALUE 


DEVICE 7VP£: HCF4013BE DUAL D F1F 

MFG : S6S 5 DEVICES TEST DATE 9-23-66 

R££ : 3PL LOG 1176 DATE CODE 332V 



PARAMETERS 


lAJRVE 

A : 

J91TF1CNS] 

UFVE 

B • 

201TF2CNS1 

CURVE 

C : 

v211T«liNSl 

CURVE 

D : 

\2217R2 CMS) 


5-143 


PARAMETER MEAN VALUE 


D£V1C£ TVPL*: HCF4013Bf DUAL D FJf 

*iVQ- SGS *5 Devices TEST DATE 9 -23-36 

REF : -7 PL LOG 1173 DATE CODE 332V 





i . 5 . 4 . 


6 . ID- 


DOSE, ads (Si ) Co 60 Gammas 


CURVE A - 
CURVE E ' 
CURVE 0: 
CURVE D: 


PARAMETERS 

(23 jTPLAI (NS1 
241TPLP2CNS1 
C25 1TPHL1 CMS 1 
1TPHL2CNS1 




MEAN VOS (MV) 


DOUCt TVPt- LH336BH f£l INPUT OP AMP 

Mf g: NSC 3 Di'VlCt'S It'S! DA7£ 12 - 06-23 

R£f‘- OPL £06 116-6 DAT£ COD£ H6446 



(1> VOS CPS=30 OHMS 1 3N MV ' VS DOS£ 



j N3 T ] AL M£AN VALU£ V0SIMV5 - -6.63X10 3 


5-145 



DEVICE "PfPf: 

Lf 3-36SH EET 

INPUT 

OP AMP 

MTQ = 

NSC 

3 Devices 

TEST 

DATE 

12- 06“ -6 5 

PET - 

3PL LOG 

n<s* 

dp te 

CODE 

BB446 



-210.34 r-T T I . j I . i , j 

PRC” IQ 4 i .5 ,>. 

RflD 


3. 4. >5. 6. 4. iCr i.5 2. 3 

DOSE, rads(Sj) Co <0 Gammas 
(2) j 05 cvout-ov) :n na ■ vs Dost 


TflBLC Of NORMAL STANDAPD DEVIATIONS 

CURVE 

DOSil 

DOSt\ rods (SI) 

O.Ot'O l.QL'4 2. OL'4 3. OL‘4 5.0L'4 7.-3L4 1.3L5 3.0L5 6.0E3 1 . 0L'6 

STD. DEV. 

.0007. .0006 .0042 .0143 .0163 .0943 16.67 310.7 116.6 31.90 



5-146 










MEAN IB(NA) 


Device tvpl- Lf336BH ra inpui op amp 
wq -- nsc 3 Devices lesT datl 12 - 06-63 
fi£f: TPL L 06 11-6-6 DAie CODL H6446 



TABLC OT NORMAL STANDAPD DLA/l ATl ONS 

curve; 

DOS€ 

DOS!'. rad.s[S.’} 

0 OLD 1 OL‘4 2.0C4 3.0C4 5.0L'4 7.5t'4 1.3L3 3.0L'5 6.0L'5 1 . 0L6 

STD. DCV. 

.0023 .0033 .0163 .0230 .0733 .1666 13.01 131 . i 53.10 14.10 


INITIAL MLAN VALUL jS!NA) = +7.61X10 2 


5-147 





MEAN +GAIN(DB) 


□EVICt TVPt • LF336BH FtT INPUT OP AMP 

MFC: NSC 3 DtVlCeS TtST DflTC 12-06-65 

RLT: JPL LOG 1166 DATt CODt H6446 



PAD 

DOSE , padsfS; ) Ca 60 Gammas 


C 4 > J GniN fV0UT=10V) IN D9 : VS DOSt 


TABLC OF NORMAL STANDARD DFV TAT IONS 

curve: 

dose: 

DOSL\ rcdafS; ) 

9 * 9EX> l . 9L’4 2 . 0EJ4 3 . OL'4 5 . 9L'4 7 . 5EJ4 I . 3 . OL^ 6 . QCT i . 9L~6 

ST 0. DL*V . 

2 * 493 2.516 2.591 2.054 4.762 2.035 2.667 3.675 30.06 11.69 


INITIAL Mt'AN VALUe ICOlNIDBi = + 1 . 35X : O' 2 
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MEfiN -GfllN(DB) 


DEVICE TVPE: LE356EH EE7 INPUT OP AMP 

MEG: NSC 3 DEVICES TEST DATE 12-06-65 

REE: OPL LOG 1166 DATE CODE H6443 



C35 -GAIN CV0U7--10V) :N DB = VS DOSE 
TABLE or NORMAL STANDAPD DEVIATIONS 
CUPVE DOSE, rod.rsn 

POSE O.OEO I.DE4 2.0E4 3.0E4 5.QE4 7.5E4 I . 5E5 3.0E5 6.0E5 1.0E6 

STD. DEV. 2.110 2.261 2.510 2.232 1.624 2.116 2.305 16.33 34.37 1 7 .06 

INITIAL MEAN VALUE -GAINfDBi = N- 1 . 33X 1 0" 2 
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DEVICE TYPE' LF336BH OP AMP 

MFC: MSC 4 DEVICES TEST DOTE 09-30-35 


PEF : -JPL LOG 1169 DATE CODE H6448 



TA3LEJ OF NIOPMAL STANDARD DEVIATIONS 

curve: 

DOSE. lads (S* j 

i.OL’4 2 . OL’4 3 . OL'4 S.OC4 7.5E4 

r 

.0165 .0407 .0911 1.209 1.060 
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MEAN ^IOS(NA) XIO"' 


DEV I CL' TVPE : LF356BH OP RMP 

MFG : NSC 4 DEVICES TEST DRTE 09-30-85 

REF: jpl LOG 1169 DRTE CODE H8 4 48 



| THBLC OF NOPMRL S7ANDRPD DEV I RT 3 ONI S 

CURVE 

DOSE, » ads CS i i 

i . 9E4 2 . OE4 3 . DE4 5 . QE4 7 . 5E4 

3 

.1134 .1526 .0844 .0778 .2011 
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DEVICE TYPE: LF3565H OP AMP 

MFC : MSC 4 DEVICES TEST DHTE 09-30-65 

REF : OPL LOC 1169 DOTE CODE H6446 



topee or mopmol stondopd oevirtioms 

CURVE; 

DOSE. tndsCS; i 

1.0E4 2.0E4 3.0E4 5.0E4 7 . 5E4 

C 

.2457 .2354 .2654 .3676 .4565 
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JEAN +GAIN(DB) 
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MEAN VOS (MV) 
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(Od)SDI Nb3U 


DEV7CE 7VP£: L71012 OP RJ1P 

Mf'G : L7C 4 DEV] GES 7ES7 DfflE 12-16-63 

REf: 7PL LOS 1130 DR7E CODE 6437 



C2):os c V0U7-0V) :n po- vs dose 


TABLE Of NORMAL STANDARD DEVIATIONS 

CURVtJ 

DOStI 

DO$L\ rad* IS:? 

O.OL'O 1.0L‘4 2.0EJ4 3.0EI4 3.0L4 

STD . DLV. 

31.07 66.36 93.39 256.6 9757. 


INITIAL MEAN VALUE lOSrPA) = -1.69X10 41 
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MEAN IS (PA) 


Device ivne: LH 012 op (imp 

MFC: L.7C 4 Devices 7i'S7 DH7L 12-16-63 

per- 7pl log ii5D Dfne cooe 6437 



TABLE OF NORMAL STANDARD DEVIATIONS 

CURVt 

Dost; 

DOSE, rads IS!) 

□.OLD i . 0L4 2.0L4 3.QE4 5.0L4 

-STD, DL~V. 

30.51 41.31 65.17 197.1 4643. 


INITIAL MEAN VALUE ISiPA) ^ +6.21X1D" 1 
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MEAN +GAIN(DB 


DEVICE' TVPL': LT1012 OP HMP 

Mt Gi : LTC 4 DO IC€S TtS7 DDIE 12-16-65 

Rtf' OPL LOG 1150 DRlt CODt' 543 7 



J.5 2. 3. 

DOSE , rndstSi ) Co 6Q GoiijITjci-s 

v 4 ) - Gfl ] N v'V0in=10V,PL=2K0HMS> ]N DS VS DOSt 



taele or normal standap.d deviations 


CURVt 

DOSt 

DOSt. radsISl) 

O.OEO 1 . Dt4 2. Qt4 3.0t4 5.0E4 


STD. DOS . 

3.261 11.06 12.06 1.160 2.466 




iNITiDL MEAN VALUE 4GAIN;De) - +7.35X10'" 1 
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M£AN -GAlNtDS 


DEVICE TYPE •- 17 1012 OP AMP 

Mf-fi: L7C 4 DO lets TEST DATE 12-16-63 

PEP : OPL LOB 1150 DATE CODE 6437 



TABLE OP NORMAL STAMDAPD DEVIATIONS 


tfJRVt 

DOSE. »-ada!S:i 

DOSt* 

0. DEO 1.0E4 2.0E4 

-STD. DtV. 

1.736 2.322 7.476 


3.QE4 5.0E4 
.7661 .7135 


INITIAL MEAN VALUE -GjAINiDEl ^ -15 . 45X 1 O'* 1 


-1 
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PARAMETER MEAN VALUE 



PAD „ EOP 

DOSEj rads (Si) Co 60 Gammas TIME, hours 

0.5 rads/sec Dose Rate 
PARAMETERS 


CURVE 

A * 

r?i 

VTN(<6 1— ON 

CV1 

CURVE 

B : 

(si 

VTNC3 1— Off" 

CV1 

CURVE 

C: 

<91 

VTPCiOl-ON 

(VI 



PARAMETER MEAN VALUE 


DEVICE TYPE- MCI 400T D COMPLIMENTARY Ml INVER 
MFC- MOT 6 DEVICES TEST DATE 09-0T-66 
R€F- JPL LOG 13T<S DATE CODE FR ST05 



PARAMETERS 

CURVE A- ( 101 VTPC-61-0FF (VI 

CURVE B‘ (111 VTPC31-0N (VI 

CURVE C-' 1321 VTP ( 10 1-OFF (VI 
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PARAMETER MEAN VALUE 




PARAMETER MEAN VALUE 


Device TYPE: MCI 4007 d C OMPL 3 MENT ary uj INVER 
MFQ- MOT 6 DEVICES 7 ESI DATE OS-IISS 
ReF: JPL LOG 13T7 DATE CODE FR 6705 



PARAMETERS 


CURVE 

P»- 

(41 

IDSPC^l-ON 

(AJ 

CURVE 

B - 

^51 

3 DSP (31-OFF 

CA1 

CURVE 

C : 


3DSP ( 303-OFF 

(A) 
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PARAMETER MEAN VALUE 


DEVICE TYPE: MC-1400T D COMPLIMENTARY W/ INVER 
MFG : MOT 6 DEVICES TEST DATE 06- IT-66 
REE: JPL LOG 13T7 DATE CODE FR 6Y05 


WIWi Hill 




o 3 1.5 2 . 

DOSE, 

3 . 4 . 5 . 6 . 8. ID 4 1.5 2 . 

radsCS/ ) Ca 60 Gamrr.as 
20 rads/sec Dose Rate 

3. 4. 10°2. 4.6lO l 2. 4.6.10 2. 4.6 

EOR 

TIME, haurE 


PARAMETERS 


CURVE n - 

CIO! VTPC6I-0N CVI 


CURVE B : 

Cl 1 I VTPC3 J-OFT CVI 


CURVE O' 

C 12 1 VTP C 10 I -OFF CV ! 




PARAMETER MEAN VALUE 


DO! C£ 1VPE* MCI 4007 CJ10S 1JWER7ER 

MTS- MOT 5 OOICES TEST DATE 10-10-66 

REF: JPL L06 1392 DATE CODE FF 67361 


r/A 


■HI 

SSSii 


DOSE, rads(Sj) Co Gammas 
0.0156 rads/sec Dos© Rate 
PARAMETERS 


CURVE 

A : 

ill 

IDSNC61-0N 

CA1 

CURVE 

B : 

i21 

3DSN(31-OFF 

(A1 

CURVE 

C - 

(31 

1DSNC301-0N 

(A1 



PARAMETER MEAN VALUE 




DOSE, r 

O.OIf 


CURVE A: 
CURVE B: 
CURVE C-‘ 


PARAMETER 

CT1 VTN (-6 ]— ON 
t31 VTN(3]-0n 

(91 V7P(101-0f 


L400T CNOS INVERTER 

DEV] CE-S TE-ST DATE 10-10-33 


>2 DATE CODE fT 39381 






PARAMETER MEAN VALUE 





DEVICE TYPE: OP-27 OP AMP 

MFG : BUB 3 DEVICES TEST DATE 05-35-66 

REF: jpl LOG 3362 DATE CODE 6503 


3?. 69 


.6. 6. 1 

0 1.5 2 . 

4. 4. 5.6. 6.10 

i-5 2. 10°2. 4.6lQ 1 2_ 4 .6l0 2 2. 6.6l0*2 



Co 60 Gamin os 

EOR 

DOSE, 

rods {Si ) 

TIME, Hours 

ill 

-»VOS IN MV 

VS DOSE 



TABLE OF NORMAL STANDARD DEVIATIONS 
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DEVICE TYPE: OP-27 OP /IMP 

MEG’ SUB 5 DEVICES TEST DOTE 05-15-66 

REF: JPL LOG 1162 DOTE CODE 6503 


134.06 


117.41 


100. 73 H 


3 

o 

x-l 

X 64.09 


cr 


co 

o 


a: 

UJ 


61.43 1 


■ 50.76 


J4. 10 H 


17.44 



.76 4ttt 

nTrrTTxfTTrrrrrri r.-rvli.i.i r : i : 1 1 . i : n n T ,u i : ■ : |i. t.-T "rrr.J mi | . u 1 . i|-J.iU|. i.i . . 4'.n*.4 .i.* i .r 

4. Vi. * 10 s j .5 4. J. 4. V 6. 6. 10* 1-5 .2. 10°4. 4. filO^. 4.6.10*2. 4.«10 S 

LOR 

DOSL, rads (Si ) Co 60 Lanyas TIME, hours 

C21 -OCR IN Nfl VS DOSE 

TABLE OF NORMAL STANDAPJD DEVIATIONS 

DOSE 7 HOURS 

DOSE. rads! SI) TIME, houra 

3.0E4 7.5E4 1 . 5E5 3.QE5 6.0E5 1 . 0E6 2.0E6 1 . 0E0 3.0E0 6.0E0 2.4E1 

STD. Dev. 

.2925 . 5472 1 . i24 2.J.26 3.673 6.126 12.33 12.07 12.56 12.51 12.67 

Dost: 1 HOURS 

7.2E1 2.4E2 7.2E2 2.4E3 


STD. oev. 

j.6. 45 15.06 13.13 13.75 
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-OIX (bN)SIv NU3W 


DEVICE TYPE- OP-27 OP AMP 

MFC- BOB 5 DEVICES TEST DATE 05-15-66 

PEP- TPL LOG 3162 DATE CODE 6503 



TABLE OF NORMAL STANDARD DEVIATIONS 

DOSE 7 HOURS 

DOSE, radst Si) TIME, hours 

3.QE4 7.5E4 1 . 5E5 3.0E5 6.0E5 1 . 0E6 2.0E6 l.OEO 3. DEO 6.0E0 2 4E1 

STD. DEV. 

1.234 1.279 1.046 9.345 16.69 21.17 24.66 24.94 24.64 24,30 25.05 

DOSE/ HOURS 

7.2E1 2.4E2 7.2E2 2.4E3 


STD. DEV. 

23.33 20.96 16.66 11.93 
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MEAN +GAIN(D5) 



TfiELC or NORMRL STONDORD DCVIATT! JNS 


I u = lO.Onfl DOSE. rodsC S: ) TIME, hours 

DOSE ./HOURS 3.0E4 7.5E4 1 . 5E5 3. OCT 6. OCT 1.0E6 2.QE6 l.OEO 3.QE0 C.OEO 2.4C1 


.7512 2.QQ5 1.422 3. i33 3. 792 3.265 3.069 2.369 2.662 2.514 2.296 


STD. DEV. Q 


DOSE /HOURS 

7.2E1 2.4E2 7.2E2 2.4E3 

STD. DL~V. 

2.700 2.465 3.295 1.772 
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MEAN -GAIN(DB) 


DEVICE TYPE: OP-27 OP AMP 

MTG ' SUB 3 DEVICES TEST DATE 03-33--&6 

REF ' JPL LOG 3 3-62 DATE CODE -6303 



TABLE Of* NORMAL STANDARD DEVIATIONS 

] L = 10.0 mfl 
DOSE / HOURS 

DOSE, rods ( SI) TIME, hours 

3. 0E4- 7.3E4 1 . SES 3.0E5 6.0ES 1 . 0E6 2.0E6 1 . OEO 3.0E0 6. OEO 2.4E1 

STD* DEV. 0 

.5570 1.031 i .031 .3113 .7417 1.036 1 . i79 1.179 1.036 . ?614 . ?9l€ 

DOSE /HOURS 

7.2E1 2.4E2 7.2E2 2.4E3 


STD. DEV. 

i . 076 .4139 .9749 .7120 


INITIAL MEAN VALUE -QAIN(DS) =+1.23X10 +a 
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B „OIX (AW)SPAV NUBW 


DEV 3 CE TYPE: OP-27 OP AMP 

MPG ■ i_TG 5 DEVICES TEST DATE 03-13-66 

PEF ‘ JPL LOG 1142 DATE CODE 6376 



TABLE OP NORMAL STANDARD DEVIATIONS 

DOSE /HOURS 

DOSE, rads ( Si 3 TIME, hours 

3.0E4 7 . 3E4 1.3E3 3.0E3 1 . OEO 4.6E1 7.2E1 2.4E2 7.2E2 2.4E3 PPPPP 

STD. DEV. 

.1339 .0736 .2264 3.677 3.766 . j.660 .1369 .0611 .0437 .0314 
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MERN a I OS (NR 


DEVICE TYPE- OP-27 CP AMP 

MFC- LTC 5 DEVICES TEST DATE 03-l3->66 

REF- JPL LOG 1142 DOTE CODE £37-6 



TRBLE OF’ NORMRL STHNDHRD DCVUTT3CNS 

DOSE /HOURS 

DOSE, rads ( SI 3 TIME, hours 

3.0E4 7.3E4 1.3E3 3.QE3 1 . QEO 4.6E1 7.2E1 2.4E2 7.2E2 2.4E3 PWPP 

STD. DEV. 

19.49 21.19 104.9 72.62 36.70 40.00 13.17 6.633 3.742 6.366 


* MEASUREMENT PROBLEM 









,*OIX (bN)SIv NU3W 


DEVICE TYPE- OP-27 OP AMP 

MFC - LTC 5 DEVICES TEST DATE 05-35-66 

REF '- JPL LOG 3 342 DflTTE CODE 6576 



TABLE OF NORMAL STANDARD DEV1A71 GNS 

DOSE /HOURS 

DOSE. rodaC SI 1 TIME, houra 

3.0E4 7.5E4 1.5E5 3.0E5 1 . CEO 4.6E1 7.2E1 2.4E2 7.2E2 2.4E3 <PPWP 

STD. Dt"V. 

39.36 146.1 20.01 132. *5 126.6 76.11 109.6 123.5 104.5 91.44 
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DEVICE TYPE* CP-27 CP AMP 

MFG - lTC 3 DEVICES TEST DATE 0^-13-66 

PEF* JPL LOG 1142 DATE CODE 6376 



warn 


4. 5. 4, 


4. ID" 


DOSE, rads (Si) Co 60 Gammas 

(4) 4GAJN (IK L0AD=10MA, + 10V) IN DES VS DOSE 


3. 10°2. 4.6l0 1 2. 4.610^2. 4.6J0^£ 

EOR 

TIME, nours 


TABLE OT NORMAL STANDARD DEVIATIONS 

i L = lo.o ™n 

DOSE /HOURS 

DOSE, rads ( Si) TIME, hours 

3.0E4 7.3E4 1.3E3 3.0E3 1 . DEO 4.6E1 7.2E1 2.4E2 7.2E2 2.4E3 

STD. DEV.O 

2.062 4.910 1.339 XXXXX 13.16 12.91 10.33 3.424 4.344 10.44 


INITIAL MEAN VALUE +GAINI0E1 = +1.31X1 Q* 2 


5-180 

C-3 













DEVICE TYPE : CP-2 7 CP AMP 

ME6: ETC 5 DEVICES TEST DOTE C )3- 13-36 

PEF TPL LOO 3142 DATE CODE 6576 


DOSE, -.♦ads(SJ) Co 60 Gemmas 

COIN C IK LOflD-lOlifl, -1QV) IN DBS VS DOSE 


3. 10°2. t. 610*2. 6.610*2. 4.6JCT2 

EOR 

TIME, hours 


TABLE Of-' NORMAL STANDARD DEVIATIONS 


DOSE, rcdsC SI I TIME, hours 

3.0E4 7 . 3E4 1.5E5 3.QE5 l.OEO 4.6E1 7.2E1 2.4E2 7.2E2 2.4E3 WPP 


•STD. DEV. 0 2.067 10.31 SXXX* XXXXX XXXXX XXXXX ***** 3.314 5.933 

INITIAL MEAN VALUE -OjAINIDEj - +1.49X10^ 


5-181 







DEVICE TYPE ; CP-27 CP AMP 

MFG • MPS 4 DEVICES TEST DATE 06-1 1 -66 

PEF ■ TPL LOG 1147 DATE CODE 6350 



TABLE OF NORMAL STANDARD DEVIATIONS 

DOSE 7 HOURS 

DOSE, radst S,‘ ) TIME, hours 

3.0E4 7.5E4 1 . 5E5 3.0E5 6.0E5 1 . 0E6 2.QE6 l.OEO 3. OEO 6.0E0 2.4E1 

STD. DEV. 

.0020 .0024 .0041 .0063 .0015 .0017 .0069 .0060 .0075 .0075 .0070 

! D0SE7 HOURS 

7.2E1 2.4E2 7.2E2 


STD. DEV. 

.0042 .0036 .0039 
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(bN)SOJ NU3W 


DEVICE TYPE- OP-27 OP AMP 

MFG' : MP3 4 DEVICES TEST DOTE 06^33—66 

REF - JPL LOG 3347 DATE CODE €-350 



table: of normal standard deviations 

DOSE ; HOURS 

DOSE, rods! Sit TIME, hours 

3 0E4 7 5E4 1.5E5 3.0E5 6.QE5 1 . 0E6 2.0E6 l.OEO 3.0E0 6.0E0 2.4E1 , _ 

STD. DEV. 

7.670 14.57 26.75 29.04 5.053 17.65 20.36 25.45 32.97 37.64 39.65 

DOSE /HOURS 

7.2E1 2.4E2 7.2E2 


STD. DEV. 

35.77 23.75 20. 12 
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MEAN IB(Nfl) 


DEVICE TYPE- OP-27 OP AMP 

MEG : MPS 4 DEVICES TEST DATE 06-11-66 

REF: JPL LOG 1147 DATE CODE -6350 



TABLE Of' NORMAL STANDARD DEVIATIONS 

dose; HOURS 

DOSE. rads( S; ) TIME, hours 

3.0E4 7.5E4 1 . 5E5 3.0E5 6.0E5 1.QE6 2.0E6 1.QE0 3.9E0 6.0E0 2.4E1 

STD. DEV. 

13.07 22.47 6.149 39.66 26.00 22.74 34.64 40.35 52.36 66.74 62.60 

DOSE V HOURS 

7.2E1 2.4E2 7.2L2 


STD. DEV. 

54.90 23.11 19. 16 
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MEAN +GfiIN(DB) 


Device type: op-27 op ump 

MFC: MPS 4 Devices TEST DATE 06-31-66 

REF JPL LOG 1147 DATE CODE 6350 



7AELE or NORMAL STANDARD DEVIATIONS 

I t = 30 .0 mfl 

Dose ; hours 

DOSE. ruda( SI I TIME, hours 

3 0E4 7.5E4 1.5E5 3.0E5 6.0E5 1.0E6 2.0E6 l.OEO 3.0E0 6.0E0 2.4E1 

STD. Dev.0 

.0000 .7916 .3476 5.024 5.734 4.260 3.?25 4.640 4.933 3.645 5.169 

DOSU HOURS 

7.2EI1 2.4C2 7 . 2£T2 


STD. DLV. 

3.900 3.360 2.976 


INITIAL MEAN VALUE +OniN[DB) - +1.26X10” 
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MEAN -GRIN(DB) 


Device Type: op-2'7 op amp 

MFC* MPS 4 Devices TeST DATE 06-1:1-66 

PEP*- JPL LOG 1147 DATE CODL £350 



(57 -SPIN (IK LOPD-IONP, --10V7 IN DB VS DOSE 


TABLE Of' NORMAL STANDARD DEVIATIONS 

I u = 10. Q mfl 
dose; HOURS 

DOSE, rads ( sn TIME, hours 

3.0E4 7.5E4 1.5E5 3.0E5 6.9E5 1.QE6 2.9E6 1.9E0 3.9E0 6.0E0 2.4LT 


.4139 .9143 .9000 2.5352.533 1.704 1.441 1.119 .9329 1.119 1.119 

ooszmauRs 

7.2E1 2.4E2 7.2E2 


STD. Dev. 

1.500 1.500 1.249 


INITIAL HERN VALUE ~GALN[DB7 = T1.26X10 4,2 
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mean vos(mv) xio 


DEVICE TYPE: OP-27 OP AMP 

>JFQ: RflY 3 DEVICES TEST DOTE 06-3 1-66 

REF: JPL LOG 3166 DOTE CODE 6260 



TABLE OF NORMAL STANDARD DEVIATIONS 

DOSE /HOURS 

DOSE, r a d s [ SlJ TIME, hours 

3 of 4 7.3E4 1 . 3E5 3.0E5 6.0E3 1 . DE6 2.QE6 l.OEO 6. DEO 6. DEO 2.4E1 

STD. DEV. 

.0160 .0464 . i637 . x367 .1665 .2199 .1162 .1066 .0960 .0693 .0336 

DOSE /HOURS 

7.2E1 2.4E2 7.2E2 


STD. DEV. 

.0469 .0277 .0223 
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635.13 


764.66 


674.59 


564.62 


494.05 


403.79 


313 . 52 


223.23 


132.96 


DEVICE TYPE: OF^-27 OP AMP 

MEG: PAY 5 DEVICES TEST DATE 06-13-66 

PEE: JPL LOG 1166 DATE CODE 6230 



3. 4. 5. A. 


.6. 3. IQ 5 a. 5 2. 3. 4. 5.6. 6. 10* i.5 2. i0°2. 4.6.10* 2. 4.6.10*2 

EOR 

DOSE, i'ads(Si) Co 60 Gammas T i ME , hours 


;2) I OS IN NP VS DOSE 


TABLE.' OT NORMAL STANDARD DEVIATIONS 

DOSE 7 HOURS 

DOSL. radat SI) TIME, hours 

3.0E4 7.5E4 1.3E3 3.0E5 6.0E5 1 . Ot'6 2. Ot'6 l.OEO 3.0E0 6 . OEO 2.4E1 

STD. DEV. 

62.57 193.3 296.4 237.9 147.2 226.0 221.6 226.0 234.1 266.4 313.3 

DOSE /HOURS 

7.2E1 2.4E2 7.2E2 

STD. DEV. 

321.7 266.3 250. 0 
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t+ OTX (bN)SI Nb3W 


DEVICE TYPE- OP-27 CP AMP 

MEG- PAY 5 DEVICES TEST DATE 0<5r- 11-86 

PEF JPL LOC 11-86 DATE CODE 8230 



TABLE Of NORMAL STANDARD DEVIATIONS 

Dost: 7 HOURS 

DOSE. r ads [ Si) TIME, hours 

3.0E4 7.5E4 1.5E5 3.0E5 6.0E5 1.0E6 2.0E6 1 . OEO 3.0E0 6.0E0 2.4E1 

STD. DL"V. 

*52.92 186.0 581.6 491.6 493.4 433.0 491.6 414.9 360.5 311.5 227.6 

DOStl 7 HOURS 

7.2tl 2.4 €Z 7 . 2tT2 


STD. DtTV. 

166. i 126. 1 97.02 
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Device type: dp-27 dp amp 

MFG ‘ PAY 5 Devices TEST DATE 06-ll~Z4> 

REF; jpl LOG lies DOTE CODE S230 



TABLE OF NORMAL STANDARD DEVIATIONS 

±i_~ 10.0 mfl 
DOSE 7 HOURS 

DOSE, rad-s ( Si] TIME, hours 

3.0C4 7.3E4 1 . 5E3 3.0E3 6.0C3 1 . 0E6 2.0E6 1 . 0E0 3.0E0 6.0E0 2.4E1 

-STD. DEV. 0 

1.131 1.264 1.603 3.366 2.737 2.771 2.936 2.909 2.610 .6159 1.603 

DOSE/HOURS 

7.2E1 2.4E2 7.2E2 


-STD. DEV. 

1.264 .6927 1.375 


INITIAL MEAN VALUE +6AINIDB1 = + 1.24X10 +a 
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MEflM -GfilM(DB) 


DEVICE TYPE: OP-27 CP AMP 

MFG • RflY 5 DEVICES TEST DATE 06-31-66 

PEF : JPL LOG 3366 DOTE CODE 6230 



TABLE OF NORMAL STANDARD DEVIATIONS 

10.0 mfl 
DGSE/HOURS 

DOSE, r cd-a C SJ I TIME, iiours 

3 0E4 7 3E4 1 . 3E3 3.0E3 6.0E3 1.0E6 2.QE6 l.QEO 3. DEO 6.0E0 2.4E1 

STD. DL~V. 0 

1.294 1.216 .3166 .6333 .7727 .7727 .9690 1.173 1.065 1.393 .7727 

DOSfl/HaJRS 

7.2E1 2.4E2 7.2E2 


STD. Dt~V. 

.6334 1.616 1.309 


INITIAL MEAN VALUE -GAIN! DEI = + 1.24X10* 2 
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MEAN VOS (MV) 


DEV30E TYPE: UP A Til EE7- INPUT OP-flNP 

NF6- BUS 5 DEVICES TEST DATE 10-17-65 

PEE: JPL LOC 1196 DATE CODE 6449 



TABLE Of" NORMAL STANDARD DEVIATIONS 

CURVC 

D0S6T 

DOSE. rods IS; ) 

O.OEO 1.5E5 3.0E5 6.0E5 1 . 0E6 3.0E6 1 . 0E7 

STD. DL"V. 

0530 .0745 . 2361 .4535 .6649 i. 679 3.060 


INTTIAL MEAN VALUE VOStMV) = +3.57X10^ 
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(Ud)SD 


DiTjEt TYPt- OPAlii Ft7~ INPUT OP-/1MP 

*4TCi ■ sue 3 DtVICLS 7tS7 DHTtl 10-17-63 

RtlF ■ 7PL LOG 1 i9€ DATt GODt €449 



CURVL DOSL , v a da (Si ) 

DOSt: O.QLD 3 JD^> 6.9L3 1 . PL~6 3.916 i . 9L7 


STD. DLV. ^163 .2466 .6662 . 3639 . i67€ .9330 2.97 
INITIAL MLAN VAL'Jtl IOSIPAI - -K.60X10' 1 
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(bd)SI Nb3U 


DtVIB i’ 7Y.Pt: : OPfllll FtT-lNPUT OP-PNP 

.!**"&: BOB 5 DEVICES TEST DATE 1D-17--S3 

PET* 7PL LOB 11 W DflTt BODE €449 



RHD 


DOSE, f'cds(Sj) 2 . *5 MeV eierlvons 
IS IN PH- VS DOSt 


TABLE OT NORMAL STANDAPD DEVI ATI GNS 

cuRvtr 

DOSfcl 

DaSt, rad* IS ;v 

O.OCO 1.5E5 3.0E5 6.QE5 1.0E6 3.0E6 1 . 0E7 

STD. DEV. 

.4523 2.014 3.935 6.449 10.07 21.14 56.64 


INITIAL NG1N VALUE lEIPAI ^ + 1 . iWiCT* 
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Device ivpe- qpaiii fer-iNPur op-amp 

nr 6 : sue 3 Devices tlst datl io-o9~€3 

pef- OP’l LOB 1199 BAIL CODe €449 



INITIAL MLAN VALLE VOSIMVj 


= -6.61X10" 4 
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MEAN I OS (PA) 


Device TYPE: QPAlli EET- INPUT op-amp 

MF6- SU8 3 DEVICES TEST DATE 10-09-63 

PET : TPL LOS 1199 DATE CODE 6449 




TABLE OE NORMAL STANDARD DEVIATIONS 

CURVE 

DOSE 

DOSE, r a da [Si) 

O.OEO 1.3E3 3.0E5 6.QE5 1 . 0E6 3.0E6 1.QE7 

STD. DEV. 

3461 .2569 .5916 .5164 .1665 1.051 1.172 


INITIAL MEAN VALUE IOS[PA) = +6.66X10' 1 
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(bdjai Nb3W 


DCV3 CE 7 VP£: OPfllll FCT-3NPUT OP-AMP 

MFG- sue 7 Devices test date iq-- 09-€5 
pee- 7 pl loc 1199 date code €449 



TABLE Of-' NORMAL -STANDARD DEVIATIONS 

cupvt: 

Dost: 

DOSL, radsiSI) 

0 . OLD i."J£3 3.DE3 1 . 0L6 3.9L6 1 . 0L7 

STD. Dt-V. 
1 

3627 2.J.-E5 5.34i 13. 3^ 12.69 66.61 74.61 


INITIAL MEAN VALUE IEIPA3 ^ +i . l^XlO" 3 
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APPENDIX A 

VENDOR IDENTIFICATION CODE LIST 


A-I 



VENDOR IDENTIFICATION CODE LIST 


AMD 

BUB 

FSC 

LTC 

MOT 

MPS 

NSC 

PPC 

RAY 

RCA 

SGS 

SSS 

TIX 


Advanced Microdevices Corporation 
Burr-Brown 

Fairchild Semiconductor 
Linear Technology, Inc. 

Motorola, Inc., Semiconductor Products Division 
Micro Power Systems, Inc. 

National Semiconductor Corporation 
PPC Products, Inc. 

Ratheon Co., Semiconductor Division 
RCA Corporation, Solid State Division 
SGS Semiconductors 
Solid State Scientific Corp. 

Texas Instruments, Inc. 
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APPENDIX B 

ELECTRICAL PARAMETER SYMBOLS AND ABBREVIATIONS 
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ELECTRICAL PARAMETER SYMBOLS AND ABBREVIATIONS 


DNL 

HFE 

+ Gain 
- Gain 
IB 

ICCH 

ICCL 

ICCZ 

I DSN 

IDSP 

IFSS 

IIH 

IIL 

I OH 

IOL 

IOS 

IOZH 

IOZL 

IQH 

IQL 

IREF 

IZS 

NONLIN 

PO 

PSS 

TF 

TPHL 

TPLH 

TR 

VF 

VOH 

VOL 

VOS 

VTN 

VTP 


Diff. Non-Linearity 
DC Current Gain 
Open Loop Gain 
Open Loop Gain 
Bias Current 

Supply Current with Input High, Output Open 
Supply Current with Input Low, Output Open 

Supply Current with Input Low, Outputs at VCC and Tri-Stated 

Drain Source Current, N-channel 

Drain Source Current, P-channel 

Full-Scale Output Symmetry 

Input Current High 

Input Current Low 

High-Level Output Current 

Low-Level Output Current 

Input Offset Current 

Tri-State Output Leakage Current, Outputs High 

Tri-State Output Leakage Current, Outputs Low 

Quiescent Current High 

Quiescent Current Low 

Ref. Input Bias Current 

Zero Scale Output Current 

Nonlinearity 

Relative Output Power 

Power Supply Sensitivity 

Fall Time 

Propagation Delay Time High- to Low-Level Output 

Propagation Delay Time Low- to High-Level Output 

Rise Time 

Forward Voltage 

High-Level Output Voltage 

Low-Level Output Voltage 

Offset Voltage 

Threshold Voltage n-channel Transistor 
Threshold Voltage p-channel Transistor 
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